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“It's kind of like space Skype. 
They can call any phone in 
the world if they have the 
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The giant moon of Saturn, 
Titan, has probably had 
more telescopes pointed in 
its direction since its 17th 
Century discovery than any 
other extraterrestrial moon 
in our Solar System. It's also 
the only natural satellite 
with a dense atmosphere 
and a known liquid surface. 
That's good enough a reason for many a spacecraft 
(and one space probe, Huygens) to make the 
3.5-billion-kilometre (2.2-billion-mile) journey to 
Saturn in the last few decades, so making Titan 
the celebrity of this issue really was a no-brainer. 
With Cassini still sending back incredible images 
some 16 years after it set off to explore Saturn and 
Titan, it’s high-time we took a closer look at this 
fascinating moon of icy crust, subsurface ocean 
and strange liquid core. 
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Closer to home (perhaps a bit too close), deadly 
solar flares and their potential to cause havoc 
on Earth is a subject that deserves our attention, 
especially as it's asolar maximum this year. 

Moving out of Earth's cosmic back yard, into 
the centre of the Milky Way and beyond, we're 
exploring the strange and slightly intimidating 
world of quasars: those galactic powerhouses so 
bright and energetic that they can act as beacons 
from billions of light years across the universe. 

Finally, we've also got an A-Z of the most 
amazing phenomena in the cosmos, from Alpha 
Centauri to Zeta Reticuli (find out exactly what 
that is, if you didn't know already, by turning 
to our feature on page 16). That's all our bases 
covered then - hope you enjoy the mag. 
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real O'Callaghan 

m With his 
encyclopedic 
astronomical 
knowledge, Jonny 
was perfect for our 
A-Z of space 


Shanna Freeman 


a mw Shanna took 


a trip to Titan for 
our cover feature. 
Incredibly, she 
made it back on 
time, too 
Giles Sparrow 
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quasars and 
blew his own 
mind with their 
incredible feats 
of physics 
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m@ Nigel focuses 
his crystal ball for 
} predictions on 
asteroid landings 
and China's new 
FAST telescope. 
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The Horsehead Nebula, so-called because of its resemblance to a horse's 


7 z . . head rising out of the stars, is actually a part of the,Orion Molecular Cloud in 
F : a : . the constellation of Orion. It's mostly a i 2 gas cloud 13 light years in 
e a a m . diameter, shaped by the radiation from the stars around it. The Horsehead * 


Nebula obscures a number of star nurseries and is gradually béing evaporated 
by the strong ultraviolet glare from one of the bright stars along its top ridge. 
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Deep impact NV eve 


These two craters are located in the Thaumasia Planum region just south of the 
largest canyon in the Solar System, Valles Marineris. They're called the Arima 
Twins and are each around 50 kilometres (31 miles) in diameter. They are shot 
here in false-colour to highlight the differences in the depth of each central pit 
(darker blue being deeper). It's thought that these pits might have been formed 
through subsurface ice vapourising in an explosion on impact, or through rock 
and ice melting through fractures in the crater floor. 
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This is the Soyuz TMA-O5M rocket, on its way to the lau ichpad Es rare) 
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Robot vs man 


Engineer Chris Cassidy (in the red shirt, in case you were wondering) reinforces 
man's authority over Robonaut 2 (gold helmet, no legs), the International Space 
Station's resident astro-robot. Both can be found aboard the ISS as part of the 
Expedition 35 crew: Robonaut 2 is based in the Destiny Laboratory module on 
the ISS, performing maintenance tasks around the station under Ground Control 
supervision. Chris has been working on spacesuits inside the Quest Joint Airlock 
since he docked in March. The two have since made their peace. 
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“Predicting flares 
is the holy grail 
of solar physics” 


ie 


The EXIS instrument suite 
will launch on the GOES-R 
satellite to detect solar flares 


Over 100 University of Colorado scientists 
and technicians have worked on EXIS 


“If we want to explore space, we have to 
accept the risk that someone will die” 


Physicist Frank Eparvier on new Sun- sa see abe a 
observing project reveals the next line 


“Personally, I think that if we want to 





to retreat to more heavily shielded 
parts of their spacecraft." 
Despite advancements in our 


of defence against solar radiation 


The University of Colorado has 
designed a new instrument suite, 
called the Extreme Ultraviolet and 
X-ray Irradiance Sensors (EXIS), which 
will be able to measure the energy 
output of the Sun like never before, 
helping protect future astronauts 
against potentially deadly radiation. 

Four identical instruments will 
fly on four National Oceanic and 
Atmospheric Administration (NOAA) 
Satellites launching from 2015 to study 
the emission of solar flares from the 
Sun. “Predicting flares is the holy grail 
of solar physics,” said the principal 
investigator on the EXIS project, Frank 
Eparvier, to All About Space. “Through 
imaging at different wavelengths and 
measuring magnetic fields on the Sun, 
we are getting better at determining 
probabilities that a particular region on 
the Sun may erupt in a flare.” 

One particular instrument of 
importance on EXIS, which will be 
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placed on the GOES-R satellite, will 

be the XRS X-ray sensor. This will be 
able to determine the strength of solar 
flares and provide scientists with early 
Warning of an incoming event. 

Solar radiation is an ongoing 
problem for satellite operators, who 
must rely on space weather prediction 
agencies to determine what impact 
a solar flare might have on their 
instruments. However, as Eparvier 
explains, it’s not only unmanned 
satellites that are affected by radiation, 
but also astronauts themselves, and 
this might pose a major obstacle for 
future exploration missions. 

“In the worst cases, an astronaut can 
receive many times the recommended 
Safe annual dose of radiation in just 
a few hours during a solar particle 
event,” he tells us. “The ability to 
predict a solar particle event is a high- 
priority goal of space weather research, 
so that astronauts would have warning 


ability to predict and detect solar 
events, though, Eparvier thinks that 
our future exploration missions 

must prepare for the worst. “A trip 

to Mars will take around a year in 
each direction, so the likelihood of an 


explore space - go to Mars or other 
places - we have to accept the risk that 
someone will die." 

To find out more about potentially 
deadly solar flares and how we predict 
space weather, head to page 62. @ 


EXIS is the first of four identical 
packages which will be mounted 
to NOAA weather satellites 
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Record-breaking 
galaxy challenges 
our understanding 
of early universe 
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Off-the-charts discovery breathes new 
life into galaxy formation theories 


Astronomers using the now defunct 
Herschel Space Observatory have 
discovered a distant galaxy that 
raises serious questions over modern 
theories of galaxy evolution. 

Designated HF'LS3, the galaxy is 
located about 13 billion light years 
from Earth and is believed to have 
developed just 880 million years after 
the Big Bang. This is far sooner than 
any other known galaxy, suggesting 
it formed stars much quicker than 
previously thought possible. 

“Such high rates of star formation 
are not sustainable in galaxies for the 
age of the universe,” said Professor 
Jamie Bock from Caltech. “HFLS3 
would consume all of its gas in just 
a few tens of millions of years at its 
current rate of star formation. Such 
bursts of high star formation like 
HFLS3 must be episodic.” 
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The distance to the tiny galaxy, 
which is just one-2Oth the size of 
the Milky Way, was determined 
via observations through terrestrial 
telescopes in addition to Herschel. 
Further observations showed that the 
rate of star formation is 2,000 times 
faster than the Milky Way, classifying 
it as a ‘starburst’ galaxy. There are very 
few other such environments known 
of in the cosmos today. &@ 


“Such high 
rates of star 
formation are 
not sustainable” 


Professor Jamie Bock, Caltech 
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There are millions of pieces of 
debris currently in Earth orbit 


Urgent 
action 
needed 
on space 
junk, say 
experts 


Scientists at the sixth European 
Conference on Space Debris 
have called for decisive action to 
be taken on space litter as soon 
as possible, with current levels 
simply unsustainable for future 
Space missions. 

“There is a wide and strong 
expert consensus on the pressing 
need to act now to begin debris 
removal activities,” said Heiner 
Klinkrad, head of ESA's Space 
Debris Office. “Our understanding 
of the growing space debris 
problem can be compared with 
our understanding of the need to 
address Earth's changing climate 
some 20 years ago.” 

The conference, Europe's 
largest ever to deal with this 
issue, outlined that not only does 
current space rubbish need to 
be removed, but future missions 
must be designed to eradicate the 
creation of new fragments that 
could exacerbate the growing 
space litter problem. 

Many satellite operators around 
the world are now focusing their 
efforts on how to control space 
junk, and ESA has set a strategic 
goal of developing technologies to 
actively remove debris from orbit. 
This includes the Clean Space 
initiative to approach, capture and 
deorbit targets, a mission that is 
currently under review. @ 
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Moon water 
may hold 
the secret to 

| | 
Earth's origins 
Using rocks brought back on the 
Apollo missions, researchers have 
suggested water inside the Moon 
may bear a common origin to 
Water in Earth's interior. This may 


help us get to grips with how our 
planet and satellite formed. 


Hubble finds 
dead stars with 
planet debris 


NASA's Hubble Space Telescope 
has found the building blocks for 
Earth-sized planets in the unlikely 
location of the atmospheres of 
burned-out stars known as white 
dwarfs. These stars are located 
about 150 light years from Earth. 


The search for 
dark matter 
continues 


An unusual experiment using a 
laboratory located 2.5 kilometres 
(1.5 miles) underground in Ontario, 
Canada, is looking for signs of 
dark matter as it interacts with 
matter by analysing tiny bubbles 
in a cutting-edge detector. 


New research 
shows makeup 
of exoplanets 


A new study in the Astrophysics 
Journal explains how researchers 
used direct imaging to examine 
four giant planets around the star 
HR 8799, 129 light years away. 
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on the retirement of the world's 
greatest infrared space telescope 


The Herschel Space Observatory - 
one of the European Space Agency's 
crowning achievements in astronomy 
- has stopped working following the 
depletion of its liquid helium, which 
the telescope needed to keep at a 
certain operating temperature. 
Launching in May 2009 on an 
Ariane 5 rocket to the Lagrange point 
2 (L2) position 1.5 million kilometres 
(930,000 miles) from Earth, the 
telescope has operated for about 
six months longer than expected, 
returning a multitude of useful data 
and images from across the universe. 
“Herschel is certainly one of the big 
successes for us,” ESA flight director 
Andreas Rudolph told us. “Herschel 


quite clearly has put the yardstick 
for future infrared missions very 
high in terms of science and quality, 
which was fantastic.” 

Following its retirement, Herschel 
will be moved into a safe orbit 
around the Sun to prevent it adding 
to the growing space debris problem 
in Earth's orbit. “Herschel had the 
biggest mirror an infrared telescope 
has ever had,” continued Rudolph. 
“Now we effectively will be deorbiting 
this mission into an orbit around the 
SLOOP ON(@le MAAN DO vIBNDDRKNcmM Blom ets 
of it returning into the Earth-Moon 
system. Maybe, who knows, it will be 
there for future generations to recover 
and marvel at. Well, marvel, I don't 


Brain Dump: new 
digital-only science 
mag is launched 


Worldwide content publisher Imagine 
Publishing kick-starts a new era of 
fun and accessible digital learning 


Imagine Publishing is proudly 
announcing the launch of Brain Dump 
on 1 June 2013, a first-of-its-kind, 
digital-only science magazine for iPad 
and iPhone. This groundbreaking 
product is available to subscribe to on 
Apple's Newsstand from £0.69 ($0.99). 
Built on a new digital platform 
designed by world-leading agency 
3 Sided Cube, Brain Dump delivers a 
flurry of fascinating facts every issue, 
reducing tough-to-grasp concepts 
about science, nature and more into 
bite-sized, easy-to-learn articles. 
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“Brain Dump is a milestone product 
for more than one reason,” said Aaron 
Asadi, Head of Publishing. “This is a 
brand-new digital publishing initiative 
that will make everyone sit up and 
take notice - from its cutting-edge 
subscription model to the bespoke 
design and shape of the content.” 

Dave Harfield, Editor In Chief, 
added: “It’s a proud moment for 
us. Since How It Works’ rise to 
dominance, we've worked tirelessly 
to build on its legacy. Brain Dump is 
very much a result of that passion, 
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look at it as stone age technology!” 
Data from the mission will continue 

to be released for space scientists 

and astronomers to pore over in the 

coming months, and eventually all 

of the information will be assembled 

into a public archive for the whole 

world to enjoy. @ 





aiming to be as entertaining as it 

is educational, with breathtaking 
photography and illustrations. The 
editorial, design and bold price point 
make it truly accessible to all and sets 
a new standard for knowledge/science 
magazines on iPad and iPhone.” 

The new digital publication is the 
latest addition to Imagine's expanding 
portfolio and a free sample issue will 
come pre-installed on the app. @ 


Growing food. 


on Mars key 
to manned 
mission 
The first humans on Mars might 

be more akin to farmers than 
astronauts. The radical approach, 

put forward at the Humans 2 Mars 
Summit at the George Washington 
University in May 2013, suggests 
that sustainable living on the Red 
Planet might be achieved through 
the production of food on Earth's 
neighbour itself. 

Growing crops on Mars is, of 
course, something that very little 
is known about, but its potential 
benefits are tantalising enough 
that NASA researchers are deciding 
if such a proposal is feasible for a 
future manned mission to Mars. 

“One of the things that every 
gardener on the planet will know 
is producing food is hard - it is a 
non-trivial thing,” said Penelope 
Boston of the New Mexico Institute 
of Mining and Technology at the 
summit. She went on to suggest that 
the first Martian colonists might 
well ensure their own survival by 
tackling such a problem. 

Farming on Mars would be 
achieved by setting up greenhouses 
on the surface where fruit and 
vegetables could be grown 
hydroponically without soil. What 
effects the gravity on Mars will have 
on crops, however - in addition to 
many other environmental factors - 
remains up for debate. @ 


Could crops sustain a 
future Martian colony? 
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Take your first steps into 
exploring the wonders 
of the universe! 





STARTER TELESCOPE 


” mirror telescope with table mount, finder scope and two eyepieces. 


d=76mm, f=300mm, included 12.5mm eyepieces (75x magnification) and 
4mm eyepiece (24x), accepts standard 1.25” eyepieces. Very easy to set up and use. 


Visionary binoculars and telescopes are manufactured and 


| a gz 
F distributed by Optical Hardware Ltd and are available from 
; your local stockist. For more information, and to find your 
: nearest Visionary stockist visit 


www.opticalhardware.co.uk/stockists 
All models and offers are subject to availability. Prices and 


t h e Cc lear cho ce specifications are subject to change without notice/ E&O.E. 


Your statutory rights are not affected. 
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~ UNIVERSE 


From Alpha Centauri to Zeti Reticuli, we take you on 
an amazing journey through the alphabet of space 


Written by Jonathan O'Callaghan 


Space is fascinating, but there is so much to cover 
that sometimes it can be difficult to comprehend 
it all. What is a binary star system? What does a 
black hole really do? Why is the search for water so 
important? What types of astronomy are most useful 
to scientists? 

And that's just the start of it. What about some 
of the pioneering moments in space exploration, or 
the seemingly unexplainable phenomena that exist 
throughout space? 


Thankfully, we're here to help. In this feature 
we'll take you on a journey through the alphabet 
of the cosmos and introduce you to some of the 
most important things in space. If you've wanted 
to know what the most abundant element in the 
universe is, why Mars has been the focus of so many 
Space agencies, what the biggest observatory in the 
world is or how fast light travels, you'll find out the 
answers to all your questions and much more here 
in our A-Z of the universe. @ 
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A-Z of the universe 
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Alpha Centaur 





Alpha Centauri is particularly interesting for a the Sun and Pluto to the distance between the Sun 
number of reasons. Not only is it the nearest star and Saturn. Alpha Centauri C, meanwhile, orbits 
system to our Solar System, but it is also a prime at a distance equivalent to 400 times the size of 
example of a binary system around which there may Neptune's orbit. 
be one or several planets. In October 2012, it was discovered that there is at 
The Alpha Centauri system is about 4.37 light least one planet in orbit around this binary system. 
years from the Sun. It consists of two stars, Alpha The planet discovered, named Alpha Centauri Bb, 
Centauri A and B, and a possible third star known as is slightly more massive than Earth but has a close 
Proxima Centauri or Alpha Centauri C. The distance orbit lasting just over three days, meaning it is likely 
between A and B varies from the distance between to be extremely hot and inhospitable to life. @ 


Black Holes 


A black hole is what happens when you compress a star ten 
times more massive than the Sun into an area the size of New 
York City from which nothing, not even light itself, can escape. 
They are regions of space-time that have the most intense 
gravity we know of, pulling everything within their vicinity into 
their centre and, in some cases, driving the rotation of massive 
objects like galaxies. They predominantly come in two shapes 
and sizes: stellar mass black holes form when a star collapses 
at the end of its life, while supermassive black holes millions of 
times more massive than the Sun result from the merging of 
CdNSaENOM EC ane acm 
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A supermassive black hole like 
this will typically be tens of light 
hours in diameter. 


Deane 

The closer the material gets to the 
centre the hotter it gets, appearing 
brighter, until all of its light is 
captured and it appears black. 
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At the heart of a black hole 
is an infinitely dense and 
massive point of space 
known as a singularity. 


No escape 

Black holes are so compact and have 
such high gravity that nothing can 
escape, not even light. 





Event horizon 
Also known as the 
point of no return, this 
is the boundary of the 
black hole’s intense 
gravitational pull. 
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We can only see black holes because 
they are usually surrounded by 
intensely hot regions of material 
being drawn in, called accretion discs. 
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Constellations 


In the night sky there are a whole host of constellations that 

have been categorised and named over many centuries for 
observational purposes. Constellations are useful when looking 
for a particular star, or even when navigating on Earth. However, 
it is often the case that a particular constellation is made up of 
Stars that are in actuality nowhere near each other, but from Earth 
they appear very close. Here, we've taken a look at the Cancer 
constellation to show you what's actually going on. @ 


Shape 

Because of the huge distances 
involved, constellations generally 
appear to retain the same shape 
as observed from Earth. 
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constellation actually vary 


in distance from about ten — a 


light years to almost 300. 


Dragon. 


SpaceX’s Dragon spacecraft has been heralded as ushering in a 
new age of private spaceflight. Where previously space travel was 
the sole pursuit of national space agencies, this company based in 
California, USA has proven that, with the right application, a start-up 
company can also conquer the challenges of space exploration 

The Dragon spacecraft is a cargo vehicle that is under contract 
with NASA to resupply the International Space Station. In May 
2012 it docked with the ISS for the first time, the first privately 
built spacecraft to do so. SpaceX, however, has bigger plans for the 
Dragon. The company is planning a manned version, tentatively 
known as DragonRider, which will be able to take astronauts to the 
ISS by the end of the decade. Further into the future, it has stated 
its ambition to land humans on Mars. 
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Magnitude 

Together, the magnitudes of 

the different stars make them 
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Exoplanets 


Planet hunting is a very new area of 
astronomy. The first planet outside our 
Solar System was not discovered until 1992, 
but since then many hundreds more have 
been found, most by NASA's Kepler space 
telescope. The discovery of exoplanets has 
led scientists to believe that we are just 
one of many, many planetary systems in 
the universe. It is thought that every star 
plays host to an average of 1.6 planets, with 
a potential 17 billion Earth-sized planets 
resident in the Milky Way alone, itself just 
one of over 100 billion galaxies. 


To date most of the planets that have been 


found are gas giants, planets resembling 
ones like Jupiter or Neptune. This is 
because our current method of finding 
planets relies on measuring the dip in 
their host star they cause as they pass 
in front of it, known as the ‘transit’ 
method. In future, however, we will 
have bigger and more powerful 
telescopes (like NASA's James Webb 
Space Telescope) that will be able to 
find more planets at a range of sizes. 
The holy grail of planet hunting is 
to find an Earth-sized planet orbiting 


a= 


A-Z, of the universe 





eee] anole 

From Earth, the Cancer 
constellation appears to be 
made up of various stars in 
proximity to each other. 
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in the habitable zone of a star, the area in 
which the planet's temperature and orbit 
would be suitable for water, and possibly life, 
to form. To date no such planet has been 
found, but the hunt continues and it will 
likely only be a matter of time until we find 
such a ‘second Earth’, and possibly many 
more similar planets, in our Milky Way. @ 
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Force of OT daV Ity Gravity is one of the most important forces in 
© the universe that holds everything together 
Without gravity, the universe would be a chaotic 
Galawxies place. Pretty much everything we know of in the 
universe is influenced by gravity in one way or 





another. Our Solar System, for example, is in a 
finely tuned balance of gravity around the Sun. 
Planets and moons orbit on fixed paths, as do 





some asteroids, while comets are occasionally 
stats and facts about these plucked from the Oort cloud at the edge of the 


massive Structures Solar System and flung inwards towards the Sun 


by the force of gravity. 

While the exact cause of gravity on a subatomic 
scale is still largely unknown, we can see its 
effects all over the universe. An object's mass will 









determine its gravitational pull, but all objects and planets in the universe, meanwhile, is only 
exert a gravitational influence on another. Right possible because of gravity; when a star explodes 
now, while the Earth is pulling you downwards, as a Supernova, the resultant material is gradually 
you in turn are pulling the Earth upwards, albeit drawn together by gravity and eventually might 
by a tiny amount. The formation of new stars form new celestial bodies. @ 





Not all stars are found inside galaxies; Hubble has 
found over 600 stars in intergalactic space 


Hydrogen 


Hydrogen is the most abundant element in the elements that make up many other celestial 


The ulliverse IS thought to contain Over universe and, as it turns out, it is also one of bodies such as planets and asteroids. Hydrogen 
100 billion galaxies the most useful. When the universe formedin —_ and helium remain the main sources of fuel for 
| . ; : the Big Bang, the resultant matter was about stars. In fact, 99.9 per cent of the atoms in the 
Occasionally galaxies collide, GntCa(ome [ULHAC—Iecm Ah Ol ce eeme)s(melOrDaComsalciiieneel SIONS H Kom =I10 S(cUMBAh(OlKele(-JOMO) aus (cILUNReMCOlUlmentesia hv 
| affecting the orbits of many and a tiny fraction of lithium. Some of this the former). Hydrogen is also vital for space 
matter formed stars, which in turn burned exploration, being a major source of fuel for 
stars and planets and, Onl ; hydrogen and helium to produce the heavier rockets, in the form of liquid hydrogen. @ 
rare occasions, merging their "0, 
central black holes Oy a1 
1.07% 
‘BC 
-= | (GT efe) 
Galaxies range in size from dwarf fy Seen Okay. 


galaxies, containing tens of millions of 
stars, to giants with 100 trillion stars 


' ABUNDANCE OF | 
ELEMENTS IN 
THE UNIVERSE | 





The most distant galaxy from Calaies 
us formed just 380 million — aqme 


years after the Big Bang a thTee 


Most galaxies, main 
such as our own = Shapes: 
Milky Way, have _ spirals, 
a supermassive _ ellipses 
black hole at and 


their core irregular 
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Including Earth, Io is the most volcanically active body 
in the Solar System and, therefore, it is one of the most 
interesting worlds we know of. The surface of this moon 


of Jupiter is strewn with over 400 active volcanoes, which a 
3 . 

produce plumes of sulphur that travel several hundred he 

kilometres high. The plumes have left Io's silicate rock ; ieee 

surface covered in sulphur, which gives it its yellowish 

appearance. Aside from volcanoes, lava flows and craters «, 


are scattered across Io's surface. The cause of the moon's 
volcanism is thought to be its orbit around Jupiter, 
which is highly elliptical and therefore causes 
stretching and compression of the moon's 

molten core, heating it up and causing 

more volcanic eruptions. @ 





A volcanic plume 138km is 
(86 miles) high is seen 

here erupting from 

Jupiter's moon Io 


Jet Propulsion 
Laboratory 


The Jet Propulsion Laboratory JPL) is NASA's main 
centre of cutting-edge research and development 
for space exploration. Formed in 1936, JPL was 
transferred to NASA in December 1958 and has 
become its main centre of unmanned planetary 
exploration. It is located near Pasadena, California, 
and has about 5,000 full-time employees. 

Over the decades JPL has amassed a huge number 
of missions under its belt, and in the process it has 
sent spacecraft to every planet in the Solar System. 
These include Voyager 1 and 2, Cassini-Huygens, the 
Spitzer Space Telescope, the Mars rovers Spirit and 
Opportunity, and recently the Curiosity rover. @ 


“Over the decades 
JPL has sent 
Spacecraft to" 

a pone in 

O 


the Solar System" 
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One second 

In a second light 
travels 299,792km 
(186,282 miles), 
which is equivalent to 
seven-and-a-half trips 
around the world. 


Light year 


The speed of anything in the universe is limited by the speed of 
light, about 300,000 kilometres per second (186,000 miles per 
second) in a vacuum. Nothing can travel faster than this, and 
even approaching this speed would require an almost infinite 
amount of energy. But just how far and fast does light travel in a 
set amount of time? @ One minute 
Light travels 17.9 
million km (11.1 million 
miles) in a minute. 





How fast does 


The foldest naturally occurring ance 


we've found in the universe is the e That's about 45 trips 
Boomerang Nebula light travel? between Earth and 
the Moon. 


Kelvin 


When discussing the temperature 
of things in the universe, such 
as stars or the universe itself, 
scientists often use the Kelvin 
range. O Kelvin (-273.15°C or 
-459.67°F) is defined as absolute 
zero, the coldest temperature 
possible where molecules stop 
moving altogether. The hottest 
temperature of all, meanwhile, 
would have occurred during 


One hour 

In an hour light goes 1.079 
billion km (670 million miles), 
which is over seven journeys 
between the Earth and the Sun. 


One day 

In just one day light will 
travel 25.9 billion km (16.1 
billion miles), about six 
trips between Earth and 
Neptune's orbit. 





the Big Bang as, with all matter One year 
squeezed into a point, there would §@ 1,3 year light travels 
have been a theoretical infinite 


temperature limit. Since then 

the universe has cooled and now 
everywhere in space is generally 
the same temperature: 2.7 Kelvin 


9.46 trillion km i 

(5.9 trillion miles). 
The most distant 

spacecraft from ~ 
Earth, Voyager 1, will 


take 17,500 years to 


(270.45°c or -454.81°F). @ 1 
travel this distance. 


Mars 


Aside from Earth, Mars is the most studied world in 
the Solar System, and for good reason. This planet, 
often called the Red Planet, bears tantalising hints 
that it once played host to water, and possibly even 
life. This has been evidenced by imagery data from 
the numerous rovers we have sent to the surface, 
and the spacecraft that we have sent to orbit the 
planet. Recently, NASA's Curiosity rover discovered 
an ancient riverbed on the Martian surface, a clear 
indication that water once flowed there. 

Since the dawn of the space age in the Sixties 
we have sent 50 different spacecraft to Mars but, 
such is the difficulty of travelling to the Red Planet 
that only 21 have succeeded. NASA and other space 
agencies continue to place Mars as a high priority 
in their planetary exploration missions, not only 
because of its interesting past but also because, in 
the present, it might still play host to some form 
of life. Indeed, by understanding what became of 
Mars and how it might have lost a once habitable 
environment, we may uncover clues as to the future 
of our own planet. @ 
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Length 

| This mammoth canyon is over 4,000km 
(2,500 miles) long, 20O0km (120 miles) 
wide and 7km (4.35 miles) 


Sr 
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Observatories 


Observing the universe has been a pastime of power and scope and therefore allow us to discover 
humanity for millennia. From primitive early even more about the universe around us. 
contraptions to modern marvels, astronomers have Observatories work by gathering light, or another 
used observatories to increase their understanding form of radiation, and composing the resultant data 
of the cosmos. Whether it’s calculating the distance into an image. The largest optical observatory is the 
to a star, mapping a portion of the night sky or 10.4-metre (34-foot) wide Gran Telescopio Canarias 
getting close-up imagery of a cosmic phenomenon, in Spain but this will be dwarfed by the European 
they have forever been a cornerstone of our Extremely Large Telescope upon its completion in 

i attempts to understand the universe. With some the 2020s, which will have an aperture 39.3 metres 

The Crab Nebula is one of the most famous upcoming constructions, they will only increase in (129 feet) wide. @ 


and most studied supernova remnants 


Nebulas 


When a star comes to the end of its life it will often 
collapse and may eject material into the surrounding 
interstellar space via a Supernova. As this dust and 
gas spreads out, different areas of the resultant ‘cloud’ 
will have different compositions and therefore, when 
we observe it from Earth in different wavelengths it 
will appear to have shape and form, often resulting in 
fantastic images. We call this a nebula. 

Nebulas are important in the universe as they are 
responsible for recycling the elements that make 
up stars, and ultimately spark the formation of new 
celestial bodies such as planets. It is believed that our 
own Solar System formed from a previous nebula, 
with the dust and gas coalescing into the planets, 
asteroids and comets, and of course the star, that now 
reside here. Nebulas are also important in the study 
of supernovas, as by observing the speed the nebula 
is growing and diffusing we can discern what type of 
star may have caused the original explosion. @ 





“The European Extremely Large 
Telescope will dwart its rivals 
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The Valles Marineris system of This canyon was likely Parts of the Valles Marineris canyon, like 
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canyons in the Solar System. in the Martian crust. been caused by ancient water flow. 
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; Quaoar is one of five dwarf planets in the Solar 
System, worlds big enough to be spherical but 
not large enough to be classified as true planets. 


But just what does it take to become a planet? 

When a star explodes as a supernova it will A body is classed as a planet when it has a 

sometimes leave behind its small but massive core. — _ diameter greater than 2,000 kilometres (1,240 

This object, generally with a mass several times ane — miles), has a stable orbit around the Sun, has 

that of our Sun but a diameter of only a few tens of ~~ a spherical shape as a result of its own gravity 

kilometres, is known as a neutron star. It is super r a and is the dominant object in its immediate 

dense, equivalent in scale to the mass of a jumbo ‘ neighbourhood. Most dwarf planets fill all of 

jet rammed into a grain of sand, and is made almost \ A these classifications barring the last one; this is 

entirely of neutrons. : ha the reason Pluto was demoted from a planet to a 
On some occasions, the resulting neutron star will 5 i ® dwarf planet in 2006. @ 

retain much of its original angular momentum and, | 

owing to its new smaller size, it forms with a rapid 

rotational speed. The rapid rotation, coupled with 

the high density, forms a strong magnetic field that 

fires beams of radiation away from the star's poles in 

opposite directions, spinning with the rotation of the 

star. This object is known as a pulsar, and it is one 

of the most rapidly rotating things in the universe 

that we know of. Some pulsars are known to rotate 








at speeds up to a quarter of the speed of light and, 
as they spin, their beams of radiation sweep around. 
Despite their apparently hostile characteristics, 
some pulsars are thought to play host to exoplanets. 
Indeed, the first exoplanets ever discovered in 1992 
were found around a pulsar. @ 


@ @ 
CMBR was found by accident at Radiation 
the Holmdel Horn Antenna in 
New Jersey, USA in 1964 Radiation is the movement of particles 

across a medium, usually a vacuum. 
It is the predominant method through 
which energy is transferred around 
the universe and, through our 
understanding of radiation, we are 
able to understand the nature and 
characteristics of stars, planets and more. 

All types of electromagnetic radiation 
are covered by the electromagnetic 
spectrum, which ranges from radiation 
such as radio waves and TV to X-rays 
and gamma rays. Visible radiation 
constitutes a small part of the spectrum 
but, when observing the universe, we 
often use telescopes that are susceptible 
to different types of radiation to gather 
different data from objects in the 
universe. For example, observing in 
ultraviolet light allows us to discern the 
composition and temperature of stars. 

The most widespread radiation in 
the universe is the Cosmic Microwave 
Background Radiation (CMBR), a glow 
of thermal radiation left behind after 
the Big Bang. This glow of microwaves 
is one of the strongest indications for a 
uniform explosion leading to the birth of 
the universe, and by understanding it we 
are able to discern how our universe has 
expanded and cooled. @ 
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When an astronaut leaves a vehicle to go out into space alone it is called a 
spacewalk, which is also known as an extra-vehicular activity (EVA). The 

first spacewalk was performed by Russian Alexey Leonov on 18 March 1965. 
Spacewalks have been used since then to perform external actions on a 
spacecraft such as carrying out repairs, deploying satellites and much more. 
While early spacewalks lasted just tens of minutes, modern spacewalks on the 
ISS can last for hours. Here, we've taken a look at some spacewalks that have 





been performed over the ages. @ 
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In 1962, Telstar 1 became the first satellite to 
transmit TV pictures around the world 
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Telstar 1 


The world's first communications satellite, Telstar 1 
ushered in the modern age of satellite TV, GPS and 
much more. It was the first satellite to ever transmit 
television pictures around the world, something we take 
for granted today. 

An international collaboration between AT&T, Bell 
Telephone Laboratories, NASA, the British General Post 
Office and several other institutions, Telstar 1 launched 
on a Delta rocket on 10 July 1962. It was tiny, about 
three times the size of a basketball, and used just 14 
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1. First US spacewalk 

Ed White performs America’s 
first ever spacewalk during the 
intrepid Gemini 4 mission on 3 
June 1965. 

2. Vital repairs 

Scott Parazynski moves 
towards a tear in one of the 
ISS's solar arrays in 2007. 

3. Hanging out on the ISS 
Chris Hadfield dangles upside 
down in the shadow of the ISS 
in 2003. 

4. Hubble EVA 

US astronaut Andrew Feustel 
manoeuvres the piano-sized 
Wide Field Camera 3 on to 
NASA's Hubble Space Telescope 
in 2009. 


5. Expedition 22 

Russian astronaut Oleg Kotov 
performs a spacewalk lasting 
five hours and 44 minutes 
during Expedition 22 on the ISS 
in 2010. 


Watts of power from its 3,600 solar panels on its hull. 

It could carry just 600 phone calls and one black-and- 
white television channel but, by doing this, it was able 
to transmit the first ever TV show across the Atlantic, 
albeit only for about 18 minutes during every orbit. That 
first transmission was a live feed transmitted to France 
of an American flag waving outside the receiving station 
in Andover, Maine - not exactly thrilling programming, 
but a pioneering moment in our ability to communicate 
around the world. @ 
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This ultraviolet image shows an 
aurora at Jupiter’s north pole 


Ultraviolet 


Ultraviolet astronomy is useful 

for discerning the composition, 
temperature and density of stars, 
and also for studying the evolution 
of galaxies. It allows us to see 
particular features that would 
otherwise be invisible in other 
portions of the electromagnetic 
spectrum. Ultraviolet radiation 

is generally associated with hot 
objects, with cool objects emitting 
very little ultraviolet radiation, 
and therefore it is useful to see 
objects evolving at the start or 
end of their lives such as stars. 
Ultraviolet light is mostly absorbed 
by the Earth's atmosphere, so to 
observe anything in ultraviolet 

a space observatory located 
outside the Earth's atmosphere 
must be used. Examples of such 
telescopes include the Hubble 
Space Telescope and the Galaxy 
Evolutionary Explorer (GALEX). @ 


Velie 








For life to form on a world in the universe there 
are many conditions that must be met, but one of 
the main ingredients that must be present is water, 
and therefore the search for it in our Solar System 
has become of huge importance. Without it, life as 
we know it simply cannot survive. This is one of 
the reasons Mars is of such interest to scientists, 
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VY Canis 
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Compared to Earth the Sun is massive, dwarfing it by about 110 
times, but in the grand scheme of the universe the Sun is a relatively 
small star. One of the largest stars we know of is VY Canis Majoris, 

a red supergiant 1,400 times bigger than the Sun. If it were placed 

at the centre of the Solar System, its surface would extend out to 

the orbit of Saturn. Humongous stars such as this have very short 
life spans in astronomical terms, typically only a few million years 
compared to the estimated 10 billion-year lifetime of our Sun, owing 
to the huge rate of fuel consumption they undergo. At the end 

of their lives, massive stars such as these will often explode as a 


supernova, resulting in the formation of a nebula and possibly new 
stars and planets. @ 


Earth's orbit 


Va a Glam 
Majoris 





as it bears tantalising hints of having an ancient 

wet environment. Studies of other worlds in our 

Solar System, such as Europa, suggest that they 

may be harbouring subsurface oceans hidden from 
the radiation of the Sun. These are of increasing 
importance in our understanding of how life can form 
in the universe. In terms of planet hunting, finding 








an exoplanet residing in the habitable zone of a star 

is often the goal, as within this zone (not too hot and 
not too cold) water, and therefore life, might be able 

to form on a planet. Some theories suggest that water 
18BT- NYA Bom W C= 181s) BLO) R KOM B\=IAW(<1—) 8 B(O(6 N= cM) YAN ela) BL ere bene 
comets; our own water on Earth may have originated 
in such a fashion. @ 
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You 
The late astronomer Carl Sagan once said 
that we ate all mache of “star stuff)” and he 
Wasnt just being poetic. When stars 
expeode they release their elements 
into nebulas, as menihoned earlicr, 
Over tine the resultant material 
coalesces into other stars anc 
Manets, but that isnt the only 

ng that is created. All of the 
heavier elements in the universe 
like oxyeen and carbon were 
cTeated deep in the hydrogen 
burning fumaces of stars, anc 
therefore the elements that 
Take everything arcane 
us, Inchiding ourselves 
originated within stars. @ 
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only examples of a binary star system composed of 


» ( -Td | y S two Sun-like stars that we know of. The system is 


located about 39 lieht years [tom Earth, and recent 


evidence suggests that one ol the two stars is orbiter 
by a dens disc similar to our own Kuiper Beit, 
thetefore supsesting there may be a planetary system 


also tesiding there. @ 
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Pac-Man Nebula 


“Zeta Reticuli is 
composed of two 
Sun-like stars” 
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Underwater space training 


Underwater 





Space training 


How astronauts are prepared for 
danger-filled space missions in 
NASA's Neutral Buoyancy Lab 


Training for the weightlessness of 
Space is a major undertaking on 
NASA's part that requires a dedicated 
test facility and a battery of cutting- 
edge equipment. As zero gravity 
freefall on a specially adapted flight 
isn't practical for long training periods 
and anti-gravity ‘machines’ are set 

to remain the stuff of science fiction, 
NASA uses the 23.5-million-litre 
(6.2-million-gallon) giant swimming 
pool at its Neutral Buoyancy Lab in 
Houston, Texas. 

Neutral buoyancy itself is a property 
of an object that gives it an equal 
tendency to float to the surface as it 
does to sink to the bottom, so that it 


appears to hover in the same place 

in water. This property of neutral 
buoyancy is very similar to the 
weightlessness endowed by the lack of 
gravity in space: an astronaut wearing 
a neutral buoyancy suit in the pool 

is easily manipulated, just like they 
would be in space, but there are some 
key differences. The water drags on 
the astronaut to make movement and 
certain actions (like keeping an object 
still) more difficult than it would be in 
space, while making it easier to set an 
object in motion. The other problem is 
that astronauts aren't truly weightless 
and can still feel the weight of their 
bodies while in the suit. For both these 


vs 


reasons, performing any tasks slowly 
and an awareness of the NBL pool can 
help minimise these limitations. 

The 12.2-metre (40-foot) deep pool 
is primarily used for extra-vehicular 
activity (EVA) training. Astronauts, 
particularly those embarking on a 
mission to the International Space 
Station, practice full spacewalks lasting 
five hours at a time, manipulating 
objects and moving around large-scale 
mock-ups of the craft they will be 
working on. The fully completed ISS, 
at 107 x 73 metres (350 x 240 feet), 
wouldn't fit inside the NBL 62 x 31 
metre (202 x 102 feet) pool, but smaller 
replicas of the module the astronauts 
will work on are effective enough to 
train with. The current standard for 
NASA is that astronauts, depending on 
the difficulty of the EVA, spend five 
to seven times the amount of time 


training in the NBL as they would for 
the actual EVA. 
The suits each astronaut wears 
for the NBL pool are very similar to 
those used on an EVA. Many of the 
Suit components have, in fact, been 
Salvaged from spacesuits that have 
already seen some EVA action in orbit 
on the ISS. Apart from the addition of 
weights and floats to give the suit with 
its wearer inside the property of being 
neutrally buoyant while in the water, 
NBL suits are distinguished by their 
life support and environmental control 
systems. These are self-contained with 
space EVA suits but while training 
in the pool, they're provided by an 
umbilical cord attached to an external 
machine that supplies electricity, water 
coolant and pressurised breathing gas. 
Naturally, safety and the health 
of the astronauts-in-training is 
carefully observed while in the 
pool. Although the dives aren't 
particularly deep (12 metres/40 feet, 
while deep for a swimming pool is 
considered a shallow dive) they are 
for long periods of time. So the NBL 
has a full complement of medical 
staff on hand consisting of two 
physicians, two paramedics and 12 
physiology personnel. The NBL also 
has a hyperbaric chamber on-site 
to treat any diver suffering from 
decompression sickness - otherwise 
known as ‘the bends’. @ 





Astronauts Terry Virts (NASA) and Samantha 
Cristoforetti (ESA) in training for ISS expedition 42/43, 
~ with divers.to assist them in the EVA rehearsal 
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1. Orion model 

A model of the Orion spacecraft 
is lowered into the NBL pool to 
test its behaviour in water. 


2. EVA training 

ESA astronaut Pedro Duque 
trains with a partner in a basic 
mission specialist session. 

3. Rig 

Tools and anchors are attached 
to the front of the astronaut's 
rig for easier access. 

4. Diver assist 

One of the technician divers 
helps an astronaut manoeuvre 
into position. 

5. Commander training 
ISS expedition 22 commander 
Jeffrey Williams in the NBL pool 
during training. bal 






em sadn aes 
These engineer divers 
observe the astronauts 
in training and make 
modifications to tools and 
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Water in the NBL 
pool is recycled 
every 19.6 hours and 
kept at a constant 
28-31°C (82-88°F). 
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oan -- Umbilicalsupport ~ 7 
Part of the EVA training 
Suit’s systems are 
supported via an umbilical 
link to a machine. 
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Manned mission to an 













Grappling arm 
The MMSEV has a large window 
array at the front and carries lights 
so that crew can easily see and use 
the grabbling arm, enabling them 
to explore the asteroid's surface 
and to obtain rock samples. 


- Multi-Mission Space Exploration 
Vehicle (MMSEV) 
The MMSEV, which looks like the 
submersible craft used to explore our 
oceans, transports a two-man crew to and 
from the space habitat. 





Images of the Itokawa asteroid, obtained by 

the Japanese unmanned Hayabusa spacecraft, 
seen through the windows of the Multi-Mission 
Space Exploration Vehicle (MMSEV) during a 
simulation exercise 


B10 


Using an airlock at the rear of 
the MMSEV, one crew member 
can go outside to conduct 
extra-vehicular activities (EVAs) 
on the surface of the asteroid. 
This can include deploying 
science experiments and 
selecting rock samples. 


FutureTech Manned mission to an asteroid 
















Orion spacecraft |~ 
The Orion MPCV (Multi- 


Purpose Crew Vehicle) can 
carry four or more astronauts 


beyond low Earth orbit. It 


ferries crew and equipment to 


and from Earth. 





Solar panels 


The large solar arrays convert 
sunlight to electrical power. 
They power all systems in the 

habitat and charge batteries for 
emergency backup. 






Near-Earth asteroid (NEA) | 

There are around 10,000 known near-Earth 
asteroids that come closer than 195 million km 
(121 million miles) to the Earth, 1.000 of which 
are more than 1km (0.6 mi) in size. NASA has 
identified 40 that could be accessed by manned 
spacecraft in a year-long mission. 
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NASA plans to send 
manned expeditions to 
near-Earth asteroids in 
order to discover more 
about their formation 
and structure 


__ Deep Space Habitat 

Built from modules constructed 
at the Lagrange point L1, where 
there is equilibrium between 
the gravitational fields of the 
Earth and Moon. Provides 

living quarters and shirt-sleeve 
environment for four to six crew 
for several months. 





















To simulate a mission to an asteroid, video ae all + Gone ti 
screens show images of asteroid 25143 oN IS Ea aaa ataaaeaaaa 


Itokawa through the windows of the Multi- of our Solar System and could be the stepping stones 
Mission Space Exploration Vehicle (MMSEV) to the long-term colonisation of the Moon and 
at the Johnson Space Center interplanetary trips to Mars and beyond. 

They might well contain water and air that could 
be used to support deep space manned missions, 
and there is the possibility of mining them for their 
precious metals. They certainly have the potential 
to enhance human existence, yet there are at least 
1,000 dangerous asteroids that pose a risk to Earth. 

In April 2010, President Barack Obama announced 
that NASA should send a manned mission to an 
asteroid by 2025. One of NASA's plans is to use an 
unmanned spacecraft to capture a 500-ton, seven- 
metre (23-foot) diameter asteroid and send it into 
a high lunar orbit. Here, unmanned spacecraft and 
manned crews using Orion spacecraft could easily 


S mn quarters visit and study it in detail. The Asteroid Capture and 
es eniteeia arte elas Return (ACR) spacecraft would take about four years 
rotate to create artificial gravity to reach a suitable asteroid, 90 days to deploy a large 
to help maintain health of the capture bag, and a further two to six years to take 
crew. Could be constructed from it to the Moon. One NASA proposal is to launch an 
Bigelow-type inflatable modules. ACR craft in time for an Orion lunar orbital mission 
scheduled for 2021. 


A more advanced plan is to use a combination of 
Orion spacecraft and a Deep Space Habitat (DSH) 
to go beyond Earth orbit (BEO). The habitat would 
consist of a four-man habitation (HAB) module 
and would be suitable for 60-day missions. With 
an additional Multi-Purpose Logistics Module 
(MPLM) linked via a utility tunnel and docking 
module to the HAB, it could operate for 500 days. 
These modules would be based on existing, already 
proved, International Space Station designs and 
technology. Either option would be propelled by 
a Cryogenic Propulsion Stage (CPS) using liquid 
hydrogen/liquid oxygen engines, and in future by 
more advanced ion engines. 

The DSH would also carry a small two-man 
Multi-Mission Space Exploration Vehicle (MMSEV). 
This would take the astronauts from the DSH to a 
nearby asteroid where they can obtain geological 
samples and carry out science experiments. Testing 
of a prototype Generation 2A MMSEV has already 
been conducted at the Johnson Space Center, which 
involved two astronauts spending three days and 
two nights living inside it. Using virtual reality 
headsets and a rig to suspend the astronauts to 
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Ports allow Orion and Multi- 


Mission Space Exploration reproduce weightlessness, they evaluated simulated 
Vehicle (MMSEV) extra-vehicular activities (EVAs) on the surface of 
Dem aciiaelansare bays -a spacecraft to dock with the an asteroid. Other training projects are dealing with 
Contains instruments, science space habitat. living in deep space for long periods of time. 
Solace 16 bee Loe These plans all depend on funding but, in the 





support systems. Airlocks provide 


long-term, visiting, exploring and mining asteroids 
easy access to docked spacecraft. 


could give a tremendous boost to new industries 
— and the further exploration of our Solar System. 


© NASA 
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The power of quasars 


Scan a small or medium-sized 
telescope across the constellation of 
Virgo (the Virgin), to the north-east 
of the moderate star Eta Virginis, 
and you'll trace scattered chains of 
. | St ale apparently nondescript stars. 
e ' , | eee There's little to suggest that one 
particular star-like point of light 
: a is any different from the rest. But, 
in fact, one faint object - a ‘star’ of 
magnitude 12.9, listed in catalogues 
under the designation 3C 273 - is 
extraordinary. A celestial beacon that 
is one of the most luminous objects 
ne ws ever discovered, it only appears faint 
because, while its neighbours in the 
sky are just tens or hundreds of light 
years away, it lies an incredible 3 
billion light years from Earth. In fact, 
3C 273 is a quasar - a distant galaxy 
with a blazing disc of white-hot matter 
at its heart, surrounding an enormous 
supermassive black hole (SMBH). 
Quasars are members of a broad 
group of active galaxies - distinguished 
from normal galaxies by the fact that 
they have bright, variable sources of 
radiation at their cores (so-called 
active galactic nuclei, or AGNs) that 
cannot be accounted for by the 
combined brightness of their stars 
alone. What's more, when their light is 
split up into a rainbow-like spectrum, 
it reveals bright emission lines - peaks 
of intense light at certain wavelengths 
and energies, typically caused by the 
heating of interstellar matter and very 
different from the spectra of normal 
galaxies. A third telltale feature is their 
unusual radio emissions (which give 
quasars their name, short for quasi- 
stellar radio sources). 
Aside from these common features, 
active galaxies vary wildly. Quasars 
; . are only seen in distant parts of the 
* universe, and shine so brightly that 
they drown out the light of their 
‘host galaxies. More subdued Seyfert 
F mn galaxies are relatively normal spirals 
: with AGNs that appear as unusually 
. me, ss. bright starlike points at the centre of 
the galaxy. Blazars, or BL Lac objects, 
(named after BL Lacertae, the first 
example to be discovered) share many 
of the features of quasars, but have 


UNLsual, featureless spectra. And 





_ ' . ; finally, radio galaxies typically have 
7A, : : — | no visible AGN, but are surrounded by 
, 5 . enormous lobes of radio-emitting gas, 
| often linked to the core by narrow jets 
of particles moving at high speeds. 
. . Needless to say, these neat categories 

nee | blur in reality, with many quasars and 

> | Seyferts, in particular, displaying the 

; | jets and lobes of radio galaxies. 


he a Ais ; . Today, most astronomers see all 
- , ‘ eS : active galaxies as aspects of the same 
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Just another star, or an extremely 
distant, superluminous quasar? 


The bright 
discovery 


Astronomers first began to 
discover compact radio sources 
above and below the plane of 

the Milky Way in the late-Fifties, 
during the compilation of the 
Third Cambridge (3C) Catalogue 
of Radio Sources. From 1960, 
US-based astronomers Allan 
Sandage of the Mount Wilson 
Observatory and Maarten Schmidt 
of Caltech began to search 

for visible objects associated 

with these sources. Sandage 

soon spotted a faint object 
corresponding to radio source 3C 
48, and believed what he had was 
probably some kind of unusual 
but nearby radio star. Others soon 
followed, including 3C 273, the 
brightest such object in the sky. 

In order to figure out the 
characteristics of these new 
objects, astronomers naturally 
turned to analysing their spectra, 
looking for the distinctive patterns 
of absorption or emission that 
would reveal their chemical 
composition. But any attempt 
to make sense of the spectrum 
proved frustrating - they didn't 
seem to correspond to any known 
lines. It was only in February 
1963 that Schmidt realised the 
truth: the spectral lines in quasars 
were identical to those formed by 
common elements, but had been 
significantly redshifted. 

After investigating the possible 
mechanisms that could cause such 
a huge redshift, it became clear 
that they were almost certainly 
cosmological in nature - in other 
words, quasars are moving away at 
high speed due to the expansion 
of the universe, and are actually 
superluminous objects billions of 
light years from Earth. 
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A NASA engineer chéckspart 
of the James Webb Space 
Telescope, which will be 
peering into distant quasars 


basic phenomenon: an AGN that 
consists of a blazing central region 
surrounded by a ring of dense gas and 
dust clouds, with jets emerging above 
and below the plane of the galaxy 
and billowing out to form radio lobes 


where they encounter intergalactic gas. 


According to this model, quasars are 
a much brighter and more energetic 
equivalent of Seyfert galaxies - in 
both cases the galaxy is tilted or 
tipped towards Earth so we can see 
across the dust ring to the bright 
central ‘engine’ itself. Radio galaxies, 
in contrast, lie almost edge-on to 
our point of view, so their engines 
are hidden by intervening stars and 
dust, and only the jets and radio lobes 
are visible. Finally, blazars occur in 
rare cases where the jets are aligned 
directly towards our planet: emission 
lines from different parts of the jet 
blend into one another, as a result 
creating their featureless spectra. 

The big question, of course, is 
What lies at the heart of the AGN? 
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“What could be powerful 
enough to emit 4 trillion 
times the energy of the Sun?” 


What mechanism could possibly be 
powerful enough to emit (in the case 
of 3C 273) more than 4 trillion times 
the energy of the Sun, and shoot 
beams of particles across hundreds of 
thousands of light years of space, at 
speeds close to that of light itself? 

Another constraint on any proposed 
‘engine’ is that AGNs are very small in 
cosmic terms: many vary their output 
from day to day, and since physical 
changes cannot possibly ripple 
through them faster than the speed 
of light, they can only be a few light 
hours across at most (ie about the size 
of our Solar System). 

The need to fit such a powerful 
engine into such a tiny space means 
there's only one realistic candidate for 
the job: a black hole. These awesome 


objects, so massive and dense that 
even light cannot escape their grasp, 
produce such intense gravitational 
fields around them that any matter 
falling into their clutches is shredded 
and ‘tidally heated’ to millions of 
degrees. As it spirals down onto the 
surface of the black hole, this material 
develops into a superheated accretion 
disc that emits both visible light and 
higher-energy radiations such as 
ultraviolet and X-rays. 

In some cases, matter close to the 
black hole’s event horizon (the point 
of no return beyond which nothing 
can escape) is ejected by powerful 
magnetic fields to form jets emerging 
from above and below the disc. 

Many of these features have been 
seen in stellar-mass black holes - 


Even the powerhouse | 
that is a star can't escape 
the grasp of an AGN 
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Invisible galaxy hunting 










1. Cosmic backlight 






Light from distant 2. Quasar clue 
quasars can be used to Light leaves quasars 
discover the presence of with a characteristic 





FJ Inmet s) al eee] (oe spectrum of light. 








3. Spectral signature 
A quasar's light passes 

through an intervening galaxy 
on its way to Earth, imprinting 
a spectral ‘signature’. 













4. Lighting galaxies 
aH ateWale=lay=) al ay eaez-] baa 
light fades by the time 

it reaches Earth, but the 
T4ar Melee etna ale 
quasar's own light. 





“To the majority | EE eS 
of telescopes, a Be lie i, en 
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point of light” 


OOGB of datae 


The SDSS's 2.5m (8.2ft) — | Fi di AGN 
telescope captures around ‘ WS . —_ - , in ing S 


The first quasars were discovered Hubble Space Telescope, have 
in radio surveys of the sky, and this succeeded in imaging host galaxies 
continues to be a common way to using two techniques: either by 
find them - they show up as point-like placing a tiny ‘occulting disc’ over the 
sources of radio waves, usually located region of the engine in order to block 
above or below the galactic plane out its light, or by imaging the quasar 
(where more diffuse radio sources in in the infrared, where the engine's 
our own galaxy dominate and block brightness is much reduced and the 
i -, —— out the signals from quasars beyond). galaxy's cooler, highly redshifted outer 
—_— a ye dh. a a a To the majority of telescopes, a regions get a chance to shine. 
| - > P=, = fe quasar will appear visually as a faint, These days, quasars are largely 
< a (), ‘} ~ 2 w starlike point of light, varying in discovered through semi-automated 
~ e a ‘ ; — ———— brightness over hours or days; the sky surveys. The Sloan Digital Sky 

| = — light of its host galaxy is usually Survey (SDSS), which has scanned 

ty ee drowned out by the brilliance of the sky at multiple wavelengths 
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powerful telescopes, such as the incredible 200,000 individual quasars. 


——— , the central engine. However more since 2000, has so far catalogued an 
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A close-up 
look at active 
galactic nuclei 


hl 
: “6! 
y y) 
a Intergalactic jets 
, é Far from the nucleus, jets 
: billow into intergalactic 
tj space, producing radio 
emissions we can detect. 
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Seta 
A dense doughnut- 
like ring of dust and 
EU eee lave Cmaal= 
AGN, concealing it 
from some angles. 


Accretion disc 

A superheated accretion disc 
forms as material spirals into 
the black hole and is torn 
apart by tidal forces. 


Radiation factory 

PAV cen lol =) eNO oMe) | 
millions of degrees, 
the accretion disc 
emits visible light, UV 

RN ERSIVeme) Ele alate) (= Gotaciscaabatt arated 

_ Supermassive black holes 

he, Me. can have the mass of 

millions of Suns, and pull in 

everything within reach. 


ACR Keno ooieres 
deoeemetmeals 
were severa 
billion years 
ago - when the 
universe was 
significantly 
younger” 
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® Polar emission 
Tight particle jets emerge 
from the poles at close to the 
speed of light and produce 
characteristic emission lines. 
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objects that are formed when the 

core of a dying star far more massive 
than the Sun undergoes a sudden and 
violent collapse. The resulting object 
typically weighs between five and 

20 times as much as the Sun, and 
creates a powerful beacon at X-ray 
wavelengths. But driving an AGN 
requires a black hole that’s off the 
scale compared to these stellar-mass 
‘tiddlers' - something with the mass of 
millions of Suns, feeding voraciously 
on gas, dust and even stray stars that 
come within its influence. 

A key piece of evidence for the 
supermassive black hole theory comes 
from the distribution of active galaxy 
types. The less powerful Seyferts and 
some radio galaxies can be relatively 
nearby in space, but quasars and 
blazars are always, at the least, several 
billion light years away. 

And because of the limited speed 
of light, this means that we're seeing 
them as they were several billion 
years ago - when the universe was 
significantly younger and more 
turbulent. So could it be that quasars 
are ‘just a phase’ that galaxies go 
through, and that the more sensible, 
middle-aged galaxies in our immediate 
cosmic neighbourhood - perhaps even 
the Milky Way itself - went through a 
quasar period in their wild youth? 

Today we know this is the case, 
largely because when we measure the 
motion of stars in the heart of nearby 
galaxies, they usually turn out to be 
orbiting around an enormous but 
invisible concentration of mass. 
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The gravity of the galaxy cluster in the centre of 
this deep field image magnifies and multiplies ; ce 


(circled) the light from a distant quasar behind it 





In the case of our very own Milky 
Way, astronomers have traced the 
paths of individual stars that take 
just a few years to orbit an object 
that contains 4 million solar masses 
of material packed into a region 
smaller than the Solar System. This 
object - named Sagittarius A* after the 
source of radio waves that coincides 
with its position in the sky - can only 
be a black hole: a sleeping giant at 
the centre of our galaxy. Amazingly, 
compared to the black holes confirmed 
in some other galaxies, Sagittarius A* 
seems to be on the small side. 


“Could it be that quasars are 


just a phase’ that galaxies go 
through in their wild youth?" 






A quasar starburst, redshifted 
from billions of light years 
- across the universe 






” Redshift controversies 





In general, the astronomical 
establishment is agreed that the 
redshifts observed in quasars are a 
Doppler effect linked to the expansion 
of the universe, and therefore quasars 
are very distant and moving away at 
high speed. But there are still a few 
doubters, the most notable of whom 
is American astronomer Halton Arp, 
formerly of the Palomar Observatory 
in California and the Max Planck 
Institute for Astrophysics. 

Arp has a formidable reputation, 
and compiled the first catalogue of 
peculiar galaxies - interacting and 





Quasar MK 205 appears to 
be linked to the spiral galaxy 
NGC 4319 (shown centre) by 
PECN@I EVN lmewnicer! 
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merging galaxies often associated 
with AGNs - in the Sixties. He is 
convinced that many quasars show 
physical connections to relatively 
normal galaxies (a good example 
pictured left is MK 205, which 
appears to be linked by a bridge of 
material to the spiral galaxy NGC 
4319). Since the two objects show 
wildly different redshifts, then if they 
are really connected the quasar's 
redshift cannot be a result of cosmic 
expansion; instead, it must be some 
intrinsic property of the quasar - 
perhaps caused by powerful gravity. 
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Einstein 
Crosses: 
relativity 
in action 


Light from quasars takes billions 
of years to reach our telescopes 
here on Earth, and during its long 
journey it often passes close to 
intervening objects such as galaxy 
clusters and individual galaxies. If 
the mass of such an intervening 
object is large enough, then 
according to Einstein's theory of 
general relativity, it should warp 
the space around it, deflecting 
the path of even massless light 
rays to create an effect known as 
gravitational lensing. 

The brightness of quasars 
makes them ideal tests for this 
effect, and since the Nineties 
astronomers have discovered 
many examples of lensing in 
action - stunning visual proof of 
Einstein's theory. Depending on 
the precise geometry of the objects 
involved, the quasar's image may 
simply be distorted, or warped into 
a curve or circle. The most perfect 
situations can give rise to double 
images, or - rarest of all - the 
perfect quadruple image known 
as the Einstein Cross. 











Einstein's relativity has been tested 
to extremes by gravitational lensing 
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So far, we can’t apply these same 
techniques to quasars to prove 
absolutely that their AGNs are 
powered by giant black holes, but the 
circumstantial evidence still seems 
pretty conclusive. What's more, 
although the ‘host galaxies’ around 
quasars are still hard to resolve, those 
we can see often appear to be ina 
turbulent, shapeless state, suggesting 
that they have lots of stray matter 
floating around in random orbits to 
feed the black hole engine. 

The brightest quasars of them all, 
meanwhile (and many nearby active 
galaxies) often seem to be involved in 
galaxy collisions and mergers. It's only 
as galaxies settle down into a more 
orderly structure that the quasars 
seem to dwindle away: by this point, 
the black hole’s gravity has ‘soaked 
up’ all the fuel from its immediate 
surroundings, and any surviving 
material in the host galaxy’s core will 
have learned to keep its distance from 
such a voracious monster. 

So, while the mystery of quasar 
power sources seems to be solved, 
there are still some important 
unanswered questions. Perhaps 
the biggest of all is exactly how the 
supermassive black holes form in 
the first place. Do they coalesce in 
sudden, violent events, or develop 
more sedately over a longer timescale? 
Work on relatively faint quasars in the 
early universe, such as that being led 
by Professor Kevin Schawinski at the 


ETH Technology Institute in Zurich, 
is promising to answer some of these 
questions (see interview on page 24). 
The brightness of quasars 
makes them enormously useful 
for astronomers studying the most 
distant parts of the universe - not least 
because until quite recently they have 
been the only objects visible across 
distances of billions of light years. 
Quasar distances are usually 
established by measuring the redshift 
of their light and using Hubble's 
Law - the established principle that 
objects at greater distances are moving 
away from us at higher speeds and 
therefore exhibit greater redshifts, 
due to the expansion of the universe 
as a whole. Indeed, it was the high 
redshift of quasars that first convinced 
astronomers they were so distant and 
bright (see ‘Discovering quasars’, page 
18). By measuring the redshifts of large 
numbers of quasars and using them as 
‘shorthand’ for distance, cosmologists 
can construct three-dimensional maps 
of the deep universe, allowing them to 
discover massive structures known as 
large quasar groups (LOGs). 
In January 2013 astronomers at 
the University of Central Lancashire, 
UK, announced the discovery of the 
Huge-LQG - the largest structure so far 
recorded in the universe, with some 73 
quasars scattered over 4 billion light 
years of space. Such enormous objects, 
held together by the influence of 
gravity, cannot possibly have evolved 








The Keck Observatory on 
Mauna Kea mountain in 
Hawaii was the first to detect 
a triple quasar in 2007 


Arare, perfect Einstein Cross: 
a gravitationally lensed, 
quadruple image of quasar 8 
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in the 13.7 billion years since the 

Big Bang explosion believed to have 
spawned the universe, so their seeds 
must have been present - in the form 
of variations in the density of matter - 
within the Big Bang itself. 

Quasars have a huge range of 
other cosmological uses: ‘dips’ in the 
spectrum of their light at different 
wavelengths can be used to discover 
otherwise invisible galaxies lying 
between them and us (see ‘Galaxy 
hunting with quasars’); they can give 
us important clues to the nature of 
Space and time themselves (see boxout 
on Einstein Crosses); and they can 
even be used as probes to investigate 
the mysterious dark energy that is 
causing the universe's expansion to 
accelerate. It's little wonder, then, that 
quasars remain a powerful weapon in 
the astronomer's arsenal. @ 
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'The most distant X-ray jet ever 
observed (in part, by Hubble), 12.4 
billion light years from Earth 








The power of quasars 
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We talk to a professor from the ETH Technology Institute 
who specialises in studying faint quasars in the early 
universe, helping us learn how the first galaxies evolved 


First of all, can you tell us what got 
you interested in quasars? 

Well, they're fascinating objects in 
their own right! Quasars are giant 
black holes with about a billion times 
the mass of the Sun, accreting matter 
as fast as they can and in the process 
releasing truly enormous amounts 

of energy. These supermassive black 
holes are the universe's messy eaters 
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they can release more energy than 
all the combined stars of the galaxy 
in which the black hole resides. Now, 
we also suspect strongly that some 
part of all this energy affects the host 
galaxy of the black hole, shaping its 
S\Vo)LuiulolacNa’Aelacimahvas)ULMN (ome (0)e ME 
really understand that process yet. 


Until recently we've been limited 
to studying only the very brightest 
quasars - is that right? 

It's not just a question of brightness. 
Of course, the brightest quasars are 
much easier to see with telescopes 
than their fainter cousins, however 
the universe complicates studying 
quasars in another way: if the central 
regions of a galaxy contain a large 
amount of gas and dust between us 
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and where the black hole is feeding, 
then much of the light which is 
emitted by the quasar can be blocked. 
[To overcome this] we have to use 
data from ultra-deep observations 
by the Chandra X-ray Observatory 
and the infrared (IR) Spitzer Space 
Telescope to find these ‘hidden’ 
quasars. They emit so much energy 
that all that gas and dust that absorb 
the quasar’s light get heated up, and 
Spitzer can pick up on the [resulting] 
extra ‘glow’. 


Are there any fundamental 
differences between the brighter 
and fainter quasars we've detected? 
We are starting to think so. When 

we look at images of the galaxies 

in which the brightest quasars live, 
they look like total train wrecks: two 
gigantic, gas-rich galaxies crashed 
together igniting a luminous quasar in 
the process. 


..SO What can we infer about the 
host galaxies of quieter quasars? 
We arte just starting to be able to 

find the less luminous cousins of 
these brightest quasars and take 
images of the galaxies they [inhabit] 
with Hubble. And these galaxies 

look nothing like those train-wreck 
mergers. They look more or less the 
Same as normal, star-forming galaxies 
in the early universe: large 

discs, little or no bulges, and little 
evidence for galaxy mergers. Clearly, 
these black holes are feeding for very 
different reasons... 


Oe Rae Mw cower det eters 
tell us anything about the origins of 
the black holes themselves? 

We can now start to piece together 
the why and where of black hole 
growth. The most massive black holes 
of all are the 10-billion-solar-mass 
monsters we find at the centre of 


giant elliptical galaxies like Messier 
87 [54 million light years from Earth 
in the Virgo Cluster]. They likely grew 
up rapidly via the mergers of gas-rich 
galaxies. More normal supermassive 
black holes - maybe similar to the 
one in the Milky Way - grew in much 
calmer environments, feeding on 
random gas and dust that swirled in 
due to the random stirrings in the 
host galaxy, or the occasional infalling 
Ghee Tame Itb94 


Finally, where do you see your 
research taking you in the future? 
The ultimate goal is to figure out 
where the seeds for the supermassive 
black holes at the [heart] of galaxies 
came from, and right now, we have 
no idea about that. There are plenty of 
theoretical mechanisms, but virtually 
no observations yet. But I am hopeful 
that the teams of Hubble, Chandra 
and giant ground-based telescopes 
like the Very Large Telescope in Chile 
can get us there. Of course, NASA's 
James Webb Space Telescope, when 
it finally launches, [will make an 
impact] too. 


“When we look at images of the galaxies 
in which the brightest quasars live, they 
look like total train wrecks...” 
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This bright distant 

quasar shows tidal 


ee eel ac evita a te 
SPC Vieienelier sail: 
“sj ada Wu ete NES 





'» Nosy neighbours 
The tidal forces 
— unwinding HE 
- 1013-2136's spiral 
arms are almost 
_certainly created 
by neighbouring 
galaxies getting too . 
close for comfort. : . 


em Ce) it=ae arele) ar) 
Two arcs of material 
(one long and one 
short) are almost 
certainly formed from 
unwinding of the host. 
galaxy's spiral arms. 


Quadruple lensing 


Name: MG0414+0534 
Distance from Earth: 12 billion light years 


alan) eysaisem (oa 
MG0414+0534 is 
a quadruply lensed 
quasar (an Einstein 
Cross) in which one 
of the four lensed 
images is poorly 
formed. 
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from a quasar 
directly behind it. 





» Altered images 
Light that passes 
around each side 
of the central 
galaxy is deflected 
back to Earth. 
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3C 273 was nd r : a from days to several decades. 
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Interview Holly Ridings 


Holly Ridings - 
ontrolling the 
Space station 


Interviewed by Jonathan O'Callaghan 


We spoke to Holly Ridings, flight director in charge 
of NASA's mission control, about the day-to-day 
operations of the ISS and working with private 
Space companies around the world 


What is the role of a flight director? 
There are several flight directors and we all have 


different roles. We start with the one that we call real- 


time operations, where you sit in the mission control 
centre and you fly the spacecraft. There are kind of 
three legs of structure. There's the spacecraft itself, 
the ISS in our scenario, then the crew on board, and 
then the team on the ground who take care of a lot 
of the day-to-day work monitoring of all the systems, 
making sure everything is safe and healthy for the 
crew on board. For the team on the ground that we 
call the flight control team, the person responsible 
and in charge of that team is the flight director. You 
have that leadership, the technical leadership of 

that team, and the team varies in size depending on 
What you're doing. You have a person in charge of 
the power system, the communications system, the 
robotic system, and so that group of people makes 
up the flight control team, and the flight director is 
responsible for leading them. It's a very big job! 


What are some of the things you have to do? 
Most of the time, day-to-day, the crew has activities 
that they do on board the space station and so we're 
helping the crew with those activities. They might be 
checking Robonaut, capturing the Dragon spacecraft, 
and so on, so we work with them and enable them 
to do that and we also monitor all of the systems on 
board. If stuff goes wrong, your team springs into 
action to keep people safe and secure. For the ISS it's 
a little complicated because you have these teams 
on the ground all over the world, so there's Japan, 
Europe and Russia. And each of those teams also 
has a flight director, and then there's a flight director 
hierarchy. So the flight director at NASA in Houston 
is sort of the ultimate authority for the safety of the 
crew and the spacecraft. 
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If you want to make a major decision, do you 
have to run it past every team? 

You have the authority to do it without running it 
by them, but on a day-to-day basis we try to stay 
ahead of the plan. We start planning with the other 
agencies months in advance for what the crew is 
going to do and we fefine that plan several weeks in 
advance. Typically you're doing it as a partnership 
where everybody participates in the decision making, 
but you always have a plan for that really bad day 
when somebody just has to make a decision. 


Have you had any major problems? 

[Laughs] Yes! If you do it long enough, I mean 
thousands and thousands of hours in mission control, 
you end up seeing problems. One of the problems 
that sort of makes sense to people on the ground is 
power problems. On the ISS you have solar arrays 
that generate the power, and that power is used by 
each agency's labs. Power from the solar arrays goes 
to help each of those areas function and so one of 
the issues I've seen is you have a problem where half 
the power to the ISS goes away. The boxes that run 
the power system are actually outside the station, 
exposed to space. So they see extreme heat, extreme 
cold and solar flares, and at times they have a power 
cycle. It's like a big bad storm where the lights go out 
in your house, and you have to go reset the breaker. 
So the lights go out in half the space station and 
youTe obviously impacting the labs and the functions 
that each of the different partners use. You go 
through a troubleshooting process and you basically 
decide what gets turned off and what gets turned on. 
So power is a problem I've seen. 


Is it difficult to resolve a problem like that with 
so many different partners involved? 





Holly Ridings has 
worked as a NASA flight 
director for 15 years 


To be honest it usually works out really well. 

When you have a lot of time people like to negotiate, 
but when there's a crisis people really understand 
that, and everybody focuses, so actually it sounds 
really difficult but in some ways it is easier because 
you have that focus where you are trying to 

solve problems. 


Are you in contact with the astronauts on board 
the ISS all of the time? 

We have four communications channels, and in our 
lingo they're called space to ground. So if you've 
ever watched NASA TV you would hear the person 
who sits next to the flight director, their call sign is 
CAPCOM [capsule communicator], from the old days 
of capsules or maybe the new days again. So the 
CAPCOM can call the crew on these channels. The 
astronauts can always call us, and we can always 
call them. Along with that we have regularly 
scheduled meetings where you can talk a little more 
freely about how they're doing, how they're feeling, 
how was the week. Almost like a debrief, because 
those four channels I mentioned are for day-to-day 
work. So the astronauts call down saying, ‘hey, I can't 
find this tool’, or ‘this procedure doesn't make sense’, 
stuff like that. 
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Do they have their own phone on board to make 
calls as well? 

Yes, they actually have an IP phone, which works 
through a computer. It’s kind of like space Skype. 
They can call any phone in the world if they have 
the right satellite coverage. That helps them stay in 
contact with their families and friends as well as the 
people they work with. And then they have these 
regularly scheduled meetings with their families 
where they can get video as well. So there's lots of 
different ways that we communicate with them. 


Do they need permission to call whoever they 
want on Earth? 

[Laughs] Nope! They’re allowed to call out whenever 
they want. That’s one of the great things about the 
ISS, that they do have freedom to live a normal life 
even though they're flying on a space station. When 
youre assigned as a flight director to the crew that's 
living on the ISS they'll call you all the time! So 
youte carrying your phone around and it'll ring and 
it'll be the space station. It’s really actually kind of 
cool, it never gets old. I mean I've been doing this 
for 15 years and it's still really cool to have the space 
Station call you. 


How many flight directors are there? 

There are usually about 25 active flight directors. 
That sounds like a lot but we have three that work 

in mission control every day on rotating shifts. For 
example, after this interview I'm going to mission 
control to work a shift. There are three flight directors 
dedicated every single day to running the ISS in real- 
time. Then there's another flight director dedicated 

to the overall management, they’te figuring out what 
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“They can call any phone in the world if 
they have the right satellite coverage” 


the crew is going to do every day. And then you've 
got the other programmes, those in the commercial 
industry and all the other agencies who have 
vehicles. We fly to the station roughly a vehicle a 
month, if not more, so it's really busy on the station. 


Is it much busier in mission control when a 
vehicle is coming to dock with the station? 

Yes, it is. In late April we had a Progress vehicle that 
the Russians build and fly, so we had to put the 
solar arrays on the ISS in the right position, get our 
communication system sorted, the crew is involved 
as an international unit and so on, so it’s busy for 
everybody no matter where the vehicle comes from. 
You usually have a dedicated flight director who goes 
in and does activities for docking and undocking, 
grappling and ungrappling, and then you have 
speciality people who do these dynamic events. 


Do private companies have their own flight 
directors as well? 

Yes, they do. So one of the things that I did recently 
is, | was the NASA flight director responsible for the 
very first Dragon to come to the space station [in May 
2012] and so I spent like three years working with 
SpaceX and their team of folks to make the whole 
operation work, and I still work with them. They 

do have flight directors, as do other companies like 
Orbital Sciences, and they actually call them mission 
directors, that’s the term they use. And then SpaceX 


and Orbital have a flight control team, just like our 
international partners. We try to work as a team and 
plan things ahead of time, but ultimately when they 
get close to the station we call the scenario, and we 
have the ultimate authority over what happens. 


When that first Dragon docked with the ISS, were 
you guys at NASA as jubilant as those at SpaceX? 
It’s funny, SpaceX was here last week and we were 
reminiscing about that. SpaceX’s reaction was very 
similar to the Japanese when they did their first HTV 
[H-II Transfer Vehicle], jubilation and excitement, you 
know jumping up and down, that kind of stuff. So 
we are obviously always excited, but when you've 
been through it so many times, you know that when 
you've grappled and you just did this amazing thing 
there is still work to do. So we do show a little less 
emotion because we know there are still things to 
do. And if you look at the SpaceX control room now 
they've flown three times, they're much calmer now 
too because they know after grappling there is more 
work to do. We're not any less excited but we do 
show it less. 


So, we spoke to ESA astronaut André Kuipers 
last month, who grappled the first Dragon to 
the station. Could you tell us how you worked 
together on that mission? 

Ah, I know André very well! So, on approach to the 
Station, we have the final say but it is very much a 
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partnership with the crew. They have the capability 
to make independent decisions based on what they 
perceive as the performance of the vehicle and the 
Safety of the vehicle. It’s a little bit of shared authority. 
We do that on purpose as the astronauts are on the 
Space station, and obviously colliding a vehicle with 
the space station is one of the worst things that can 
happen to the crew. They have the best seat in the 
house, so they can see how the vehicle is acting and 
what's going on. Those guys, André and Don Pettit, 
did an awesome job for that docking. 


What upcoming missions are you most 

excited about? 

In June we'e going to fly the next European ATV 
[Automated Transfer Vehicle], and then later in 

the summer our Japanese friends will fly to the 
Space station again with their HTV. These vehicles 
have come before but they don't come very often, 
maybe once a year, so when they come to visit 

it's always exciting. And then we've got another 
commercial company coming. So SpaceX was the 
first, aS a Supply partner to the station, and the 
second company under contract is Orbital Sciences 
Corporation and their vehicle is the Cygnus. And 
this will be the very first mission that they fly to the 
Space station. When something flies to the ISS for the 
first time it’s always very exciting. You learn things, 
and more vehicles is great for all of the industry 

and the different countries, and it fosters a lot of 
competition. So that one I'm really excited about. 


What about further into the future? 

A little bit further on the horizon, 2014, we've got 
our [Orion] exploration programme that some of the 
flight directors are involved in. We're going to fly the 
first of that exploration programme and its name is 
EF'T-1, a very exciting name [laughs]... So that’s the 
first of the exploration programme that NASA is 


working on and it should be out in 2014. So that will 
be really exciting because it's another new vehicle. 
The new vehicles are the best, you always get excited 
about them and learn stuff, and you wouldn't do this 
job if you didn't like to learn stuff every day. 


Will there be flight directors for the Orion 
programme in the same manner as for the ISS? 
For this first mission it’s short, only a couple of orbits 
around the Earth for about five hours, so we'll just 
have one person assigned to do that. Eventually, 
though, that's the goal. One of the great things 
about being a NASA flight director is you get to 
work on multiple programmes. As we get further 
along in exploration we'll all have opportunities to 
train and learn new programmes and vehicles. So 
back in history we had the Space Shuttle, and it'll 

be kind of the same when we have exploration up 
and running. We'll have our own exploration and all 
the commercial stuff, so we'll move around different 
programmes, which is great. You never get bored, 
every day is different, and it's always interesting. 


What are your personal highlights from your 
time as a flight director? 

In recent times, that first Dragon berthing with the 
stage was a personal highlight. To spend multiple 
years with a new team of people and a new company 
[SpaceX] and a new spacecraft and then figure out 
how to make that merge with our space station, and 
then take that vehicle all the way there and have 

it work that first try, that was definitely a highlight. 
Any time you can have the opportunity to develop 
something new for the first time, I mean it's sort of 
the best job you could ever ask for. So that one was 
amazing. I was also the lead flight director for STS- 
127 a couple of years ago, and that Shuttle mission 
was really amazing because we took up Japanese 
hardware, sort of similar to working with the SpaceX 


‘I know NASA is interested in partnering 
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folks, because in that scenario I got to build up a 
relationship with the Japanese team. So in recent 
history those are my two favourite highlights. 


Do you think there will be more international 
collaborations like the ISS in future? 

I hope so. There has been some talk with different 
international partners about using their capabilities, 
their spacecraft and some of the pieces of their 
spacecraft to help with our exploration plans. I 
know NASA in general is interested in partnering 
with the international community to work with the 
exploration programme. And certainly on the US side, 
in terms of US and commercial work, there's going 
to be a lot of partnership with the government and 
the commercial industry. I think the space station is 
amazing and it’s one of the few things in the world 
where everybody's goal is common and you have 
priorities that are common, to fly in space and keep 
your crew safe. And you can do all of these amazing 
scientific and technical activities, so I think that sort 
of collaboration will continue as we go forward. @ 








Ridings reviews data during STS-132 (top), partakes 
in a media briefing to discuss SpaceX (middle), and 
in the heat of the action in mission control (bottom) 
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ius of the biggest Toecacneel in the world can be 
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There’s not much in the Atacama Desert in Chile, on 
the west coast of South America.It’s 105,0@O square 
kilometres (41,000 square miles) of high-altitude salt lakes 
and the most arid desert in the world. It's so dry, in fact, 
that it averages just ten centimetres (four inches) of rain 
every 1,000 NETS but it’s a combination of its elevation, , 
remote location and extreme dryness that makes this neva 
of northern Chile an ideal place for viewing TeeReOrsTaCe? ‘ 
La Silla Observatory is the*original site that the ESO 
(European Southern Observatory) chose to build its first 
telescopes in the Sixties, on a mountain 2,400 metres 
(7,874 feet) above sea level with incredibly ¢lear air and, 
one of the Crna night skies on Earth. The obServatory 
ae seu that work in the Ce and 


infrared parts of the Sphere ety the MPG/ 
ESO 2.2m telescope, the High Accuracy Radial Velocity 


Planet Searcher (HARPS) and, the biggest of the three, the 


New Technology Telescope that, since the Eighties, has 
helped determine what is at the centre of our galaxy as 


‘well as the mass and radius of the supermassive black hole 


Se ralae tele ale radat Pel Renee )K Roman -BVO Iam \eNA 


sUsicwirlxe of La Silla shows HARPS, the exoplanet * ° f 


hunter, in the background plus the ESO's other active 
instruments, New Technologysand the 2.2-metre 
telescopes, towards the foreground. La Silla mountain 


was originally called Chinchado but was renamed La Silla 


- ‘the saddle’ - because of its:shape. It's been the official 
home of the ESO's telescopes since the Sixties. *° * > 
















La Sulla Observatory 
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Titan is considered the most planet-like of our Solar 
System's moons for many reasons, but could it really 
harbour life of its own or support a human colony? 
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Saturn has more than 62 known 
moons (53 named ones) and numerous 
moonlets. But despite orbiting the 
Same planet, these moons can be 
incredibly different from each other. 
One moon, Titan, stands out from the 
crowd for more than a few reasons. 
It's both the largest moon of Saturn 
and the second-largest known moon 
in the Solar System. It has a diameter 
of about 5,150 kilometres (3,200 
miles) and is larger than both the 
Earth's Moon and the planet Mercury, 
although Mercury has a greater mass. 
Titan is also the only moon found to 
have a dense atmosphere. It’s actually 
nitrogen-based, just like the Earth's 
atmosphere. The moon is also believed 
to have a differentiated interior, 
familiar surface features, including 
volcanoes and liquid lakes, a methane 
cycle that operates similarly to the 
Earth's water cycle, and four distinct 
seasons. For all of these reasons, Titan 


is often known as the most ‘planet-like' 


or ‘Earth-like’ moon. 

Titan orbits Saturn once every 15 
days and 22 hours, and its rotational 
period is the same length. This means 
that much like the Earth's Moon, 
Titan is tidally locked with its planet 
Saturn - the same side of the moon 
always faces the planet. There is a 
sub-Saturnian point on the surface of 
Titan, so that if you were standing on 
the moon, it would appear that the 
planet is hanging directly above you. 
The moon is a distance of just over 
1.2 million kilometres (745,000 miles) 
from Saturn on average, the sixth 
closest of the gas giant's larger moons. 
Titan has a high orbital eccentricity 
of just 0.0288, and its orbital plane is 
inclined about 0.35 degrees relative to 
the equator of Saturn. 

There's another way in which Titan 
is not at all Earth-like; it’s incredibly 
cold. On average, Titan is about 
-180 degrees Celsius (-290 degrees 
Fahrenheit). Its distance from the Sun 
means that it just doesn't get enough 


dite 


While ps oe eee 
ipa wee 


a 


eae aa waa 
bea le 


Enceladus 


major moons 
llion km (745.000 miles) { 


| All About Titan 


| ok annie | “ah = 
BM bieikbiere scree (cee li ae 
lakes and oceans of methane 


sunlight to get any warmer. Weather- 
wise, Titan has both wind and rain. 
The wind seems to circulate in a single 
cell in which warm air rises over the 
hemisphere experiencing summer 
and cold air sinks into the atmosphere 
over the hemisphere experiencing 
winter. Rain over Titan isn't water; it’s 
methane and ethane, and it appears to 
fall more often in the spring, filling up 
lakes, rivers and oceans on the surface. 
Neither the temperatures nor the 
apparent lack of water have stopped 
us from wondering about whether 
there could be life on Titan. The 
Cassini-Huygens probe, which first 
flew by Titan in 2004, has sent back 
data indicating that in some ways, 
Titan is like a sort of early Earth that 
didn't get a chance to evolve into a 
planet. With the exception of water 
vapour, the atmosphere is probably 
similar to that of primordial Earth. 
The moon also contains the materials 
to form complex organic compounds 
that could be considered the ‘building 
blocks’ of life. If there were some kind 
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Titan, the largest of Saturn's 
moons, may provide 
glimpses into conditions on 
primordial Earth" 


of extraterrestrials on Titan, they 
would probably have to be methane- 
based - a type of life form that as 

yet hasn't been found - and perhaps 
live in the liquid lakes or even the 
subsurface ocean. But the cold and the 
lack of atmospheric carbon dioxide 
make it unlikely. 

How about colonising the moon 
ourselves, if it’s so planet-like? There 
are several obstacles to this idea. 
Again, the frigid temperatures and 
atmosphere are both deterrents; we'd 
need to be able to maintain both a 
tolerable temperature and breathable 
air. Titan's gravity is less than the 
Moon's at 0.14 g, so the negative 
effects of low gravity could also be 
significant. Positives include the 
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shielding from radiation provided by 
the haze. There is no magnetosphere 
on Titan, but it spends most of its 
time within Saturn's and is pretty 

well protected from the solar wind. 

So what would drive us to colonise 
Titan? Natural resources. Data from the 
Cassini probe indicates that Titan has 
more liquid hydrocarbons than all the 
known resources of natural gas and 
oil on Earth. Some speculate that even 
if Titan seems inhospitable now, that 
could change in the future - about five 
billion years into the future, that is. 

At that point the Sun should become 
a red giant, and its increasing heat 
could warm up Titan enough to set 

in motion some of the processes that 
allowed life to form on Earth. 
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Titan has seasons just like the Earth, 
but each one lasts about 7.5 Earth 
years. The pole experiencing winter 
has an icy cloud hanging over it. 
Cassini also observed a reddish area 
over the pole during its winter. 
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Cassini has observed that as autumn 
arrives in each hemisphere, the polar 
ice cloud begins to form as gases 
circulate to the area and sinks. Again, 
it's a Slow and lingering process that 
continues throughout the season. 


see ee i 


@ Summer 
In whichever hemisphere is experiencing summer 
at the time, the single pole-to-pole circulation cell 
present on Titan shifts gases upwards into the 
atmosphere in that hemisphere. 


Spring @ 

Spring means the clearing of the ice clouds in the pole 
that had been going through winter. However, this 
clearing is a slow and very gradual process; it may take 
until summer for the clouds to completely dissipate. 
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Titan's orbit 
Locked 
Titan is tidally locked 
towards Saturn, so the 


same face always points 
towards the gas giant. 








Elliptical 

Titan's orbit around 
Saturn is elliptical, 
averaging about 1.2 
million km (745,000 mi) 
from the planet. 





Time 

It takes Titan 15 days 
and 22 hours to orbit 
Saturn, which is also 

the length of its day. 





Seasons 
Titan's seasonal changes 
are governed by Saturn's 
orbit around the Sun. 


Rotation 

As Titan is tidally locked 
to Saturn, it rotates in the 
same time it takes to orbit. 





Titan has been unusual from its 
beginning. As Saturn formed, other 
materials around it coalesced into 
moons. But for some reason, Saturn 
did not form multiple large moons 
with regular orbits. It ended up instead 
with a very massive moon, Titan, 
along with many smaller moons. Some 
scientists speculate that there were 
once several larger moons orbiting the 
planet, but then giant impacts with 
other bodies caused destruction. Titan 
and some of the mid-sized moons 
formed from these collisions. This 
sort of destructive beginning can also 
account for Titan’s eccentric orbit. @ 


Titan is bigger than our Moon - about 1.5 times 


bigger radius-wise, 3.3 times bigger by volume, ™ YY Ya 
and 1.8 times bigger by mass. Titan’s radiusisO.4 3% 


times that of the Earth's, while its volume is0.06 “Wye cs 
that of Earth's, and its mass is 0.02 of Earth's i. 
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All About Titan 


Titan by 
numbers 


Fascinating facts and figures 
about Saturn's largest moon 












Titan comprises 96 per cent of the total mass 
in orbit around Saturn, including all 61 of its 
remaining moons with known orbits 





Titan dominates Saturn's 
moon system, but there are 
20 named moons closer to 
the planet than it is 


“a Titan's atmospheric 


pressure 1s 60 per 


cent stronger than 
Three anda Earth's - the sarne 
quarter Earth pressure found at 
moons could fit “e bottom of a 
inside Titan swimming pool 


The length of the longest river discovered 
on Titan by Cassini; it stretches from 
‘headwaters’ to a large sea 
Titan is locked into a 3:4 orbital 
resonance with its neighbour 


Hyperion. For every three 
Hyperion rotations, Titan has four 


Titan gets just one per cent of the 
sunlight that the Earth receives 
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We knew that Titan was icy, but until Cassini's 
visit we didn't know about its hidden ocean 


The interior of Titan appears to be quite icy and prior 
to the Cassini probe's visit, it was thought that the 
moon may not have a differentiated interior at all, 
but a disorganised one of ice and rock. Recent data 
indicates that the moon probably has a differentiated 
interior that is mainly composed of ice and liquid in 
different layers, with a rocky core. The core itself is 
less dense than one might expect, though, leading 
us to think that there must be some ice or liquid 
along with the silicates. This definitely makes Titan 
different from terrestrial planets like Earth (which 
have dense iron cores), but its big atmosphere and 
potentially large stores of liquid on the surface also 


Between the surface of the moon and its core lie 
three layers - an ice one that lies underneath the 
surface, which floats atop a liquid ocean, and then 
another hard icy shell. Titan's composition may help 
explain the huge levels of methane in its atmosphere 
- it has to be coming from somewhere, because 
otherwise the surface methane would have long ago 
been depleted via interactions with ultraviolet light 
from the Sun. If cryovolcanism is taking place on the 
moon, then methane stored underneath the surface 
may be outgassed that way. A liquid ocean could 
provide the storage, but the methane may also come 
up through the crust as the liquid (which would also 
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Cassini captured this image of a hazy 
vortex forming over Titan's south pole 
in July 2012, which likely signalled the 





coming winter in the southern hemisphere 


set the moon apart from other icy moons. contain ammonia) bubbles up. @ 
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| Reactions in the atmosphere convert the ( 
: Hydrogen methane into ethane (C2H6), hydrogen gas, on 
and complex organic aerosols including 
carbon, hydrogen, and nitrogen (N2). Nitrogen Complex 
Methane organics 
iar) ar 
Condensation 
and Precipitation 
The methane and 
ethane partially 
condense and 
create clouds that {are lNN Sl ee1te)y 
rain liquid methane. Organic compounds in 
aerosol form settle onto 
the surface as well as into 
lakes on Titan's surface. 
Cryovolcanism 


Volcanoes on Titan's 
surface are projected to 
release methane (CH4) 
into the air from stores 
underneath the surface. 
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ethane, nitrogen, and many other 
organic compounds. 


Methane 
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™ Outer shell 
The outer ice shell is 
unattached from the 
surface, potentially 
including a form 
of ice called 
— Clathrate. 


» Ice shell 
A shell of different types 
of ice may surround 
the core and be 
under extreme 
pressure. 











~ Core 
Titan Is 
believed to 
_ have a core that 

Subsurface ocean _ ' comprises silicate rock, 
A liquid ocean likely lies oe but it may also be hydrated 
between the two icy | and contain ammonia (which would 


Sn sean omnis We oon keep the liquid from freezing). 
to contract and compress © Surface and atmosphere 


as it orbits Saturn. Complex carbons comprise the dry, 
generally sand-like surface, which may 
be damp with an icy crust on top after 
a methane rain. 







Cassini took this image of Titan's upper 
atmosphere using special filters, to create 
this natural view of the moon's complex anti- 
Paras eetcyens sisal 
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~) Thick photochemical haze 
This layer is Titan's characteristic 
orange smog, created by the Sun's 
ultraviolet light reacting with 


methane to produce tholins. ~~ Nitrogen/ 
methane 

~ Thin haze layer Titan's upper 
The amount of atmosphere is 
methane increases made up of 98.4% 

to nearly 5% of the nitrogen, 1.4% 
total atmospheric methane and 
composition as you 0.2% hydrogen. 


descend below 
the troposphere. 





© Methane LC _ Particulate rain 


Gaseous methane Liquid methane, 
just above the surface 


ise a along with 
elps to nn the other organic 
temperature. compounds, 


periodically rains 
down on to the 


Tit an’ S surface of Titan. 
atmosphere 


Titan possesses the only known nitrogen-dense 
atmosphere in the Solar System other than Earth's. It 
is actually denser and more massive than the Earth's 
atmosphere thanks to its hazy layers. Titan's lower 
gravity (0.85 that of the Moon's) also means that its 
atmosphere extends much further from the planet 
than the Earth's does - more than 600 kilometres 
(373 miles). 

The dominating players in Titan's atmosphere are 
nitrogen and methane. Nitrogen makes up more than 
98 percent in the highest regions, with the methane 
percentage increasing as the altitudes decrease. It’s 
responsible for the thick haze that had prevented us 
from getting a clear view of the moon's surface until 
the Cassini-Huygens probe. Titan’s atmosphere also 
has both a greenhouse effect and an anti-greenhouse 
effect. The methane in the upper atmosphere creates 
a greenhouse effect, keeping Titan warmer than 
it would be otherwise. However, the layer of haze 
actually reflects sunlight away from the moon. 
Ultimately the temperature of the moon is warmer 
than it would be without these concentrations of 
methane in the atmosphere. 


53 


| 














All About Titan 


ee 





dglomselarel 








Titan is covered with a network of interesting features that we're only just now 
discovering thanks to Cassini 


Titan is called planet-like for more than just its 
atmosphere; the moon also has numerous features 
on its surface that are similar to those on Earth. The 
surface of Titan is much younger than the moon 
itself, between 100 million and one billion years old 
(the moon is almost as old as the Solar System, about 
4.6 billion years old). This relative youth may be due 
to volcanism and other geologic processes within it. 

Titan is believed to be mostly smooth, with a 
surface consistency like that of wet sand. Because 
of the cold temperatures, it might be more accurate 
to say frozen sand. On average, the elevation is 
about 150 metres (492 feet), but there are some tall 
mountains as well. Other surface features include 
plains, dunes, lakes and seas. 

Because of the difficulty in penetrating Titan's 
atmosphere, only recently have we begun to learn 
about its surface features. But before we explore 
those, let’s look at one of the first things you notice 
when viewing a map of the surface: its large, 
contrasting areas of light and dark. Even the lighter 
regions appear to have dark lines running through 
them, indicating potential tectonic activity or 
channels cut by streams. There are also smaller light 
areas, called faculae, as well as smaller dark ones, 


called maculae. The lighter areas are likely ice, from 
methane or ethane, while the dark ones are plains. 
Many other moons, including our own, have 
smaller dark areas that astronomers initially 
believed to be liquid lakes or seas. In most cases, 
these turned out to be another material. Titan, 
howeve!, appears to actually have liquid in its 
lakes. The larger areas are known as maria, or seas, 
and the smaller ones are lacus, or lakes. Cassini 
confirmed the existence of these liquid lakes when 
it observed reflections that indicated smooth, mirror- 
like surfaces. These appear to be mainly around the 
poles, where they can't be evaporated by sunlight, 
but there are others that are potentially fed by 
underground stores. The lakes are hydrocarbon- 
based, mostly ethane and methane, and are the first 
stable, liquid bodies found somewhere other than 
Earth. The largest of these, Kraken Mare, may be as 
big as the Caspian Sea. So we know that they're big 
and liquid, but we aren't sure about things like the 
exact ratios of hydrocarbons, or the viscosity. Some 
data indicates that they may be thick and tar-like. 
The origins of mountains on Titan can't 
be confirmed, but one theory is that they are 
cryovolcanoes, or ice volcanoes. Because Titan 


is much cooler than Earth, its volcanoes would 
probably expel ammonia and liquid along 

with hydrocarbons. The strongest possibility 

for a cryovolcano is Sotra Patera, a two-peaked 
mountain. The taller of its two peaks is estimated 
at 1,500 metres (4,900 feet) high. Other scientists 
believe that Titan is geologically inactive, and the 
mountains are just the remnants of large impact 
craters that have degraded, or even caused by the 
moon contracting as its interior cooled. 

Speaking of impact craters, Titan doesn't have 
many of them. Some craters may have been filled in 
by materials from cryovolcanoes or sediment blown 
in by tidal winds. Titan might also not get as many 
heavy impacts because of its thick atmosphere. 

Due to the freezing temperatures, Titan's surface 
might seem hostile to life. However, there are several 
things that allow for the possibility. There's the large 
amount of organic compounds present, which are 
potential building blocks for life. There’s also the 
possibility of hydrocarbon ice blocks floating on lake 
surfaces and the potential for a subsurface ocean. 
Cassini continues to send back information about 
the surface as it observes Titan’s seasonal changes, 
SO We may have more information soon. @ 
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Mindanao Facula 

These bright spots are 
considered ‘islands’, 

~ named after n — 


Kraken Mare 
This largest sea on Titan 
is believed to contain 
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a large plain, formerly a sea. It 
contains numerous lighter ‘islands’ 
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1. Kraken Mare 

Cassini took this radar image of Kraken, the largest 
known liquid body on Titan. It appears to contain an 
island about the size of Hawaii's largest island. 

2. Ligeia Mare 

This mosaic image from Cassini shows Ligeia Mare, a 
sea on the surface in the north polar region. It is the 
second-largest body of water after Kraken Mare. 

3. Impact crater 

This radar image, taken by Cassini during a flyby, 
appears to contain part of an impact crater. 
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During its descent to Titan's surface in January 2005, 
the Huygens probe sent back the images that make 
up this flattened projection. 

Me hiet Cea Bib lx 

Extensive data processing of this image taken by the 
Huygens probe in January 2005 reveals pebble-sized 
rocks, possibly ice, on Titan's surface. 

6. Hydrocarbon river 

Cassini sent back this image of an extensive river 
system on Titan's surface in September 2012. 
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Exploring Titan 


Titan remained a hazy mystery until the Cassini-Huygens 
Spacecraft penetrated its dense atmosphere, however, it 
appears that future explorations are currently on hold 


Because Titan is so close to Saturn, 

it can be difficult for amateurs to 
observe from Earth. The planet’s 
brightness and rings can overwhelm 
the view. However, it can be seen 
with small telescopes or powerful 
binoculars. Astronomers often use an 
occulting bar on their telescopes - this 
band placed on the eyepiece is used 
to block brighter objects in the sky so 
that dimmer ones can be more easily 
seen. Another obstacle to exploring 
Titan has been its thick, hazy 
atmosphere, which has proven difficult 
to penetrate. 

Titan was discovered in 1655 by 
Dutch astronomer Christiaan Huygens, 
and was originally thought to be larger 
than it actually is due to its thick 
atmosphere. Spanish astronomer Josep 
Comas i Sola claimed to observe light 
and dark patches on the moon in 1907, 
giving us our first piece of evidence 
that it might have an atmosphere. In 
1944, Dutch astronomer Gerard Kuiper 
formally confirmed the presence of the 
moon's atmosphere when he spotted 
bands of methane. 

Little more was learned about 
the moon until the first spacecraft 
visited the Saturnian system in 1979 
- the Pioneer 11 probe. It took some 
of the first images of the moon and 
determined that Titan was likely too 
cold to support life, but most of the 
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images weren't high-quality ones. 
Voyagers 1 and 2 both visited Titan 
as well. In 1981, Voyager 1 specifically 
flew by to observe the moon, but 
didn't have instruments capable of 
finding many details in the haze. 
Digital processing of the Voyager 1 
images much later did reveal some 
features, but these had already 
been observed by the Hubble Space 
Telescope. Voyager 2 didn't bother 
getting too close to Titan based 
on Voyager 1's experience, instead 
choosing to head out to Uranus and 
Neptune. All we knew was that it 
likely had a planet-like atmosphere. 

The Cassini-Huygens spacecraft 
provided us with the first real 
opportunity to explore Titan in a 
serious way. Special filters on Cassini's 
cameras allowed them to get through 
the atmosphere to take some detailed 
images of the surface and show the 
moon's features. The Huygens probe 
also sent back images and other data 
about the composition of the moon's 
atmosphere and surface. Cassini is 
currently on its second extended 
mission, Solstice, which includes 
additional flybys of Titan. 

The future of Titan exploration 
is uncertain, however, two different 
missions proposed by NASA and the 
European Space Agency (ESA) have 
gone nowhere, and the same is true 


| 

On 29 December 2006, Cassini | 
captured images of a huge cloud | 
system covering Titan's north pole | 








of proposals by groups of scientists. A 
joint venture between NASA and the 
ESA called the Titan Saturn System 
Mission (TSSM) was put on hold after 
NASA decided to pull out in 2012. 
NASA had also proposed the Titan 
Mare Explorer (TIME), a potential lake 


lander, but has chosen to fund a probe 
to Mars instead. 

A group of Spanish scientists 
presented another lake lander proposal 
called TALISE (Titan Lake In-situ 
Sampling Propelled Explorer) at the 
European Planetary Science Congress 
in autumn 2012, but so far it has not 
gone beyond the proposal stage. The 
Same goes for a group of American 
scientists, whose proposal of an 
unmanned drone lander called Aerial 
Vehicle for In-situ and Airborne Titan 
Reconnaissance (AVIATR) was passed 
over for inclusion in The Decadal 
Survey. This document - created by 
NASA, the National Research Council, 
and the National Science Foundation - 
is a list of recommendations for future 
space exploration. @ 
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The European Space Agency (ESA) 
supplied the Huygens probe, which 
rode aboard the Cassini spacecraft 
until it reached Titan. Huygens 
was designed to parachute down 
to the moon's surface, gathering 
data along the way. There was no 
way of knowing exactly where it 
might land on Titan, so engineers 
_ designed it to withstand both an 
ocean splashdown and a surface 
impact. The probe weighed about 
318 kilograms (700 pounds) and 
had a diameter of 1.3 metres (four 
feet) after ejecting its heat shield. 
During the spacecraft's trip to 
Titan, the probe stayed dormant 
except for the occasional system 
check to be sure everything was in 
working order. The probe separated 
from Cassini on 25 December 2004, 
and Cassini stayed in orbit above 
the moon to support the probe 
and receive data. Huygens coasted 
for 22 days. Upon entering Titan's 
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Huygens probe 


atmosphere, it deployed a parachute 
and descended to the surface. 
Images taken by Cassini about 
1,200 kilometres (746 miles) above 
showed that Huygens landed on 
what is probably a shoreline. 

Huygens was supposed to have a 
battery life of about three hours. It 
also had six different instruments 
on board to perform experiments. 
In the atmosphere, they measured 
particles, identified and measured 
chemicals, studied radiation 
levels, and measured wind speed, 
density and temperature. Another 
instrument sent back information 
about the surface of the moon 
where the probe landed. It took 
Huygens about two-and-a-half 
hours to descend and land on the 
surface, and it continued to send 
data for nearly 90 minutes. The 
probe's landing marked the first 
time a spacecraft has landed on a 
body in the outer Solar System. 
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Cassini has many instruments eapable 
of collecting a wide variety of data . 
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VIMS is two cameras in one. 
THe visible light and infrared* © 
cameras capture data to 
learn more about the moon's 

= atmosphere, surface and 


overall structure. = Composite Infrared . 


Spectrometer (CIRS) 
The CIRS can help is 
SS Lat owexe yon 
reer eats sie la ke 
atmosphere by seeking 
out infrared light 
and measutingits, = 
temperature. 






Radio and Plasma 
wave Science (RPWS) ., 
This instrument measures 
radio waves and plasma, 
which can reveal information 
about Titan's interaction ~ 
with Saturn, solar wind and 
other space phenomena. 


































Plasma Spectrometer 
(e\ 5) 

The CAPS instrument 
measures the energy and 
electrical charges in the 
magnetic field. 
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c to study Titan. 
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s NE fee car Flybys: Venus, Earth, Jupiter, Phoebe, Titan, 


ne CDA observes | 
tiny grains of dust on — | ~ Launch: 15 October 1997 ale SE Toy Tapetus 
= the planet's surface to _ ——_— Orbital insertion: 1 July 2004 Initial discoveries: 
detect their direction, Launch vehicle: US Air Force Titan IVB/ Once establishing an orbit around Saturn, Cassini 
size and speed. | Centaur rocket went to work, immediately clocking up a string of 

Vehicle mass (orbiter): 2,523kg (5,560lb) new discoveries. This included seven new moons, 
Spacecraft dimensions (orbiter): 6.8m (22ft) superbly detailed shots of Phoebe, the discovery of 
high, 4m (13.1ft) wide water on Enceladus, the first radar images of the 
Missions: Cassini-Huygens, Cassini Equinox, giant moon Titan's surface and the aftermath of 
Cassini Solstice Saturn's Great White Spot mega-storm. 
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Control nodes 
Reflector panels There are 2,400 nodes in the 


Inside the dish are 4,600 
adjustable aluminium 
panels that reflect radio 
waves to the receiver cabin. 


reflector dish cable network. 
They are each connected to 
a driving cable to adjust the 
reflector panels. 
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® Optical fibre cable 
The data from the receivers 
is converted to a light 
signal and sent along a 3km 
(1.9mi) long cable to the 
observatory building. 


Measurement and control 
During observations, nine close-range 
instruments will ensure the accurate 
positioning of the reflector panels by 
scanning 1,000 control nodes. 
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FAST is located in an 800m (2,625ft) diameter natural 
depression near the village of Dawodang, Guizhou 
Province, southern China. The region has a moderate 


® Suspension 
system 
Six 100m (328ft) 
tall towers surround 
and support the 
receiver cabin. 


climate and is free from radio interference 


® Refrigeration 
Helium Gifford-McMahon (GM) 
refrigeration machines will be 
used to cool receiver equipment 
for the study of 560MHz and 
higher frequency bands. 
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The 305m (1,000ft) Arecibo radio telescope 
in Puerto Rico, like FAST, is built inside a 
naturally formed karst depression 
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The world's biggest telescope 
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China is currently 
constructing the FAST 
radio telescope to further 
our knowledge of pulsars 
and stellar formation 


The Five-hundred-meter Aperture Spherical 
Telescope (FAST) will be the world’s largest radio 
telescope when it is completed in 2016. FAST was 
first conceived in 1994, but it was not until 2007 
that it was given the go-ahead supported by $108 
million (£70 million) of funding. Actual construction 
began in March 2011, with a schedule of five-and-a- 
half years to finish this complex structure. 

The design of the unique reflecting dish 
incorporates 4,600 independently adjustable panels 
that can be tilted by an angle of 40 degrees, giving it 
far more visibility and flexibility than static panels. 

The Arecibo Observatory in Puerto Rico is 
currently the largest radio telescope of this type, 
which has a 305-metre (1,000-foot) diameter dish 
that consists of a 265-metre (870-foot) spherical 
reflector. In comparison, FAST’s 500-metre (1,640- 
foot) dish will have a 300-metre (984-foot) spherical 
reflector radius. 

When completed FAST will have twice the 
sensitivity of Arecibo and because of its adjustable 
reflector panels, which Arecibo lacks, it will be able 
to cover three times more of the sky at ten times the 
speed. It is intended to conduct studies in six major 
areas of astronomy. The first study will deal with 
detecting interstellar communication signals. The 
Arecibo telescope can search for electromagnetic 
signals from intelligent civilisations at a range of 18 
light years covering 12 stars, while FAST will reach 
out to 28 light years covering 1,400 stars. If its power 
was upgraded to 1,000,OOOMV, it could search for 
possible signals from one million stars. 

A large-scale neutral hydrogen survey will study 
the distribution of neutral hydrogen (HI) in the 
nearby universe, to discover any ‘dark galaxies’ 
that have not formed any stars. It will also survey 
the distribution of dark energy in the universe, the 
distribution of neutral hydrogen in our galaxy and 
tell us more about galaxy formation and evolution. 

FAST's highly sensitive multi-beam receivers 
combined with its large sky coverage will search 
for thousands of new and rare pulsars in our galaxy 
and beyond. FAST will also lead the international 
very long baseline interferometry (VLBI) network. 
Linked with another radio telescope thousands of 
kilometres away in this network, it will have a great 
impact on resolving astronomical objects equivalent 
to optical wavelengths. 

By detecting interstellar molecules in the 
interstellar medium, FAST will help determine how 
stars form and evolve. And, it will also measure the 
parameters of millisecond pulsars that have a very 
stable spin frequency. Used in conjunction with 
atomic clocks, it will be able to obtain incredibly 
LQ @LUNCcICoM UIDNL Sw ON Co= IBD Ro NCCUBLECE 

Once it is operational, the FAST telescope will no 
doubt make tremendous leaps in our understanding 
of the universe. 
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Spacecraft re-entering the Earth's atmosphere do 

so at an incredible speed. Typically, as they enter 
hyw-Earth orbit (an altitude of 2,.000kmy'120:0 mihes), 
they re travelling about 29.000km/h (18.000mph), 
around Mach 25 and what is considered a ‘high- 
hypersonic’ speed by NASA. 


Re-entry 
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When entering any celestial body with an 
atmosphere, the friction causes the craft to 
experience air resistance, slowing it down 

and helping to prevent a catastrophic landing. 
Unfortunately, friction at hypersonic speeds can heat 
surfaces of the craft to around 1,650°C (3,000°F), 
destroying unprotected areas. 


Eight astronauts 
have lost their lives 
cltiel emcee A 


Scientists are still refining the technology and 
techniques of atmospheric re-entry, so it’s a 
dangerous process. All seven of Columbia's crew 
died when their Shuttle burnt up on re-entry in 
2003 and the single occupant of Soyuz 1, Vladimir 
Komarov, died when the spacecraft’s parachute 
failed in 1967. 


Astronauts were 
protected by 
disposable shields 


Early space missions, manned and otherwise, used 
ablative (‘burning’) heat shields to protect the craft 
and any crew. Their special ceramics were designed 
to gradually burn away, phase-changing from solid 
through to gas and using convection to take the heat 
flow away from the craft. NASA has been working 
on an advanced heat shield for the Orion spacecraft, 
which will need to endure temperatures of up to 
2,649°C (4,800°F) upon re-entry. 
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air molecules apart 
As the craft hits the atmosphere, the temperature 
of the air flow is so great that it breaks the chemical 


bonds of the air. This generates an electrically 
charged plasma around the craft. 


Mew iicm com lAy 
vehicles were 
ballistic missiles 


‘During World War II and beyond, experiments in 


missile technology inevitably resulted in the first 
vehicles that accounted for re-entry stresses. The 
Russian R-5, a Mach 15, 1,200-kilometre (745-mile) 
range missile was one of the first to use ceramic 
heat shielding for re-entry. 


Soe Cole 
took just four-and-a 
half-minutes 


When Cassini dropped Huygens off to the surface 
of Titan, the ESA probe took just 4.5 minutes to 
finish re-entry despite taking another 2.5 hours 
to parachute to the surface. During this time, it 
decelerated from Mach 22.5 to Mach 1.5 using a 
2.75m (9ft) heat shield to protect itself. 





There's a one in 1 trillion chance we could 
be hit by a piece of falling space debris — 7 


One satellite 
re-enters Earth's 
atmosphere daily 


An average of one catalogued object (like a man- 
made satellite) re-enters Earth's atmosphere on 
about a daily basis. Typically, around 10-40% of its 
original mass will reach the surface. 


Re-entering objects 
ee bem ell Beye 


Of the many satellites and objects that re-enter 
Earth’s atmosphere, a small portion of their original 
mass will reach the surface, more than likely hitting 
an ocean. There is a small chance that part will hit 
land and a one in 1 trillion chance it will hit you. 


Australia fined 
the US for littering 
with Skylab debris 


NASA's re-entry miscalculation of the Skylab 

Space station in 1979 meant that it broke apart 

over the Australian outback and not 1,300km (810 
miles) south of South Africa as planned. The local 
government in the region subsequently fined the US 
A$400 for littering, which was finally paid in 2009 
by an American radio show on behalf of NASA. @ 
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Deadly solar flares 





DEADLY 


SOLAR FLARES 


What would become of the Earth if a large solar storm was directed our way, 
and would we be able to survive such an event? We take a look at how the 
Sun's activity has threatened life on Earth before, and how it might again 


Written by Jonathan O'Callaghan 
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The Earth is under constant threat from a whole 
host of things in space, from asteroids to comets. 
However, the one thing that is essential to life on 
our planet, the Sun, may also be the most dangerous 
threat of all to life as we know it. “[A large solar 
flare] would certainly have a widespread ubiquitous 
footprint all the way around the world,” said Joe 
Kunches from the National Oceanic and Atmospheric 
Administration's (NOAA) Space Weather Prediction 
Center (SWPC), which provides solar weather 
forecasts to satellite operators and agencies across the 
globe. “The question is, how deep would the effects 
be, and how long would it take to recover from that?" 
The Sun is a volatile and dangerous ball of gas 
that, while it is the heart of our Solar System, also 
has the potential to wreak havoc on not only our 
world but the other planets and moons as well. It is a 
constantly churning furnace of energy that releases 
radiation into its surroundings. As our closest star it 
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Joe Kunches, far right, is part of the SWPC 
E- \ team that provides space weather forecasts 
ss - = — for satellite operators around the world 


“We rely on infrastructure that is known 
to have sensitivities to space weather" 


is the perfect laboratory to observe how such stars 
behave, and indeed we have been studying the Sun 
for centuries to try to further our understanding of it. 
While the Sun is constantly emitting energy and 
radiation, it goes through a period of cycles that tend 
to govern how active it is at any given time. The 
solar magnetic activity cycle has a period of 11 years, 
and at its peak it significantly increases detectable 
changes and emissions from the Sun including 
sunspots and solar flares. It is at these times, during 
a solar maximum, that the Earth's infrastructure 
is under greatest threat. In the last few decades 
organisations like the SWPC have used a multitude of 
observatories both in space and on Earth to monitor 


these cycles and to predict when a large solar event 
could endanger our planet. 

“There have been plenty of cases of serious 
damage to satellites,” said Kunches. “It happens 
mostly when the Sun is active and very eruptive at 
the peak of the solar cycle, and right now we're at the 
peak of the current solar cycle, although this one has 
been pretty uneventful.” However, based on previous 
experiences, Kunches knows that the SWPC cannot 
take anything for granted. “During the last solar 
maximum era, around Halloween in 2003, there was 
a two-week episode of very turbulent space weather 
conditions,” he said. “There were documented cases 
of satellite failures, and some total failures.” 
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SDO 


There are a multitude of 
telescopes and observatories 
constantly observing the 
Sun, but NASA's Solar 
Dynamics Observatory 
(SDO) is currently able to 
get some of the highest- 
resolution images of our 
Solar System's central star 
from its orbit around the 
Earth. Launched on 11 
February 2010, the SDO’s 
main goal is to understand 
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Sores 
The solar panels 
span 6.25m 


(20.5ft) and 
supply 1,540 
watts of power 
to the SDO at an 
efficiency of 16%. 
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the influence of the Sun 
on Earth and surrounding 
Space by measuring in 
several wavelengths 
simultaneously. 
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Deadly solar flares 





The SWPCis one of nine 
National Centers for 
Environmental Prediction, 
but the only one dedicated to 
See eca enlists forecasting 


7 A aaa Van , 5 a a a ie 

: 1 = raat = i. 7 iF 
= : i 

, a + a ) a —a—— 

t , ; _— 
























It takes about 60 hours for the 
Earth to feel the effects of a 
solar flare or CME 


















A solar flare is a sudden increase in brightness 
on the surface of the Sun. It occurs when built-up 
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bitte P; | Magnetic field magnetic energy in the solar atmosphere is released, 


1] a Le ee resulting in a huge emission of energy equivalent to 


cele SOULS vb Ele Sieh ; millions of 1OO-megaton nuclear bombs exploding 
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PT yest ron ee Pat PTE simultaneous y. is energy is usua y the result 9 
a closely occurring loops of magnetic force extending 
, Radiation t from the Sun's surface and, if they ‘snap’, a burst 
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of solar wind combined with magnetic fields known 
as coronal mass ejections (CME) will be emitted. A 





A loop of plasma radiation across Characteristics 


sated Me A coronal mass ejection 


we SE surface anette (CME) usually follows solar flare itself is an ejection of clouds of electrons, 
into its hot outer spectrum, from radio imme eit ions and atoms, with a CME usually following the 
lela waves to X-rays. billion tons of matter and flare. Solar flares and CMEs both usually result 


during a solar 


flavectent TeV) lateAeel maT Cee from the collapse of magnetic field loops, but the 


kilometres per hour. relationship between the two is not fully understood. 
The breaking of a magnetic field loop is usually 
indicated by the appearance of sunspots, visibly 

Temperature dark areas on the Sun occurring in pairs. The reason 

DST for ll-year solar cycles, when these emission events 

Se pre increase, is still under debate. 

anywhere from 10 million 

degrees Kelvin to 100 The study and detection of these solar phenomena 

mee eCoCNne has been carried out for decades by various 
observatories and telescopes. These include the 
space-based Solar Dynamics Observatory (SDO) and 
the Solar and Heliospheric Observatory (SOHO), the 
former run by NASA and the latter run jointly by ESA 
and NASA. “In the satellite world there are at least ten 
spacecraft that provide real-time information to the 
SWPC,” said Kunches. “Then in addition to that there 
are ground-based observatories, and also ground- 
based sensors like magnetometers. If you put a round 
number on it there would be about 50 to 100 sensors 
contributing to the real-time information stream that 
we tap into here." 

The work of the SWPC, and other similar 
organisations, is hugely important in protecting 
ourselves from the Sun. Although predicting the 
occurrence of world-changing solar events is 
important, it is largely everyday satellite operators 
that rely most on the solar weather prediction 
organisations in ensuring that their spacecraft remain 
operational and continue to provide the service they 
are intended to. They use regular bulletins from 
places like the SWPC to know when to prepare for 
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* electronics 
Hard X-rays from an 
incoming solar flare can 
damage the internal 
electronics of spacecraft 
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Atmosphere = * 
Soft X-rays from X-class flares 
can increase the ionisation of 
the atmosphere so that, while 
it might produce fantastic 
auroras, it also interferes with 
radio communication. 
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© Pipelines 
Telluric currents, those ® Telephone mast 
found in long pipelines, can Even cell phones are not adverse 
be affected by solar flares i to the effects of solar flares, as 
when systems designed — the increased activity can prevent 


to protect pipelines devices communicating with 
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Project Manager Lt. Jeff Shoup at work in 
the Space Weather Prediction Center | 


Emission 

A solar flare sends 

a stream of charged 
particles and radiation 
towards Earth. 


a solar event. However, contrary to popular belief, 
Satellites are not shut down if a solar storm is 
incoming because the danger of a satellite failing if it 
is turned off and on is fairly high. Some instruments 
can be turned off and ground teams can prepare for 
the worst but, as Kunches put it, “you can't run and 
you can't hide." 

The SWPC is able to produce accurate forecasts for 
up to the next 27 days detailing what sort of activity 
the Sun is expected to go through. If a solar flare or 
CME is seen by one of the many active telescopes, 
it takes about 60 hours for the Earth to feel the 
effects of such an event. However, as Kunches 
explained, just detecting the event is not enough. 
The SWPC must track the emission as it makes its 
way towards Earth to discern when it will arrive and 
how powerful it will be, with the latter known as the 
magnitude. “Ten years ago we could get the timing 
down to plus or minus 12 hours,” said Kunches. “Now 
we've cut that in half, but it’s not easy being accurate. 
It’s 150 million kilometres (93 million miles) from the 
Sun to the Earth and a lot can happen in-between.” 

While working out the timing of an incoming 
solar flare is becoming more accurate, it is the size 
of such an event that proves the most troublesome. 
“The hardest thing for us to predict is the magnitude,” 
said Kunches. “There's a key element that plays into 
the magnitude, how disturbed the Earth’s magnetic 
field is going to get, and that's the strength of the 
embedded magnetic field that's contained within the 
CME. Think of a hurricane; if the weather forecasters 
knew the direction of it, and they had some sense of 
how fast it was moving, but they had no idea of the 
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Trapped 

Some of the charged 
particles are trapped 
and guided by the 
Earth's magnetic field. 


Magnetosphere “ 


The magnetic field lines of 
the Earth's magnetosphere 
divert most of the solar 
wind around the Earth. 


"Right now we're at the 
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lonisation 

The incoming particles can 

also ionise the atmosphere, 

which can have hazardous 
Effects Orr Satellites; 

communications and more. 


Interaction 

The incoming solar 
particles excite 
those in our own 
atmosphere, causing 
auroras at the poles. 


'. although this one has been 
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| =! Joe Kunches, Space Weather Prediction Center Simoes daSilva 
strength o he storm, it'd be very difficult would have in the modern world, where electronics ee 
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as it made landfall, and that’s kind of analogous to In March 1989 that question was answered when a i 
Research (INPE) 


What we have in space weather forecasting.” 
Solar flares are classified in magnitude according 


large CME coupled with a solar flare caused a severe 
geomagnetic storm on Earth. Although it temporarily 





| NASA's SDO captured this 





to the number of watts per square metre they carry, knocked out some satellites and spacecraft, the worst 
and their frequency. A-class flares are the most effects of the storm were felt in Québec, Canada. image of a powerful solar 
frequent and the least powerful, increasing in power The variations in the Earth's magnetic field, coupled _ flare on 11 April 2013 


through B, C, M and finally X. The latter are the ones 
that are the most dangerous to Earth. The magnitude 
of a solar storm will determine how much of an 
impact it will have on Earth. 

The largest recorded geomagnetic solar storm 
caused by a solar flare was the Carrington Event 
in 1859. Observed by British astronomer Richard 
Carrington, the storm was noticeable around 
the world. Auroras reached as far south as the 
Caribbean, while it was reported that residents of the 


northeastern US could read a book by the light of the 
aurora. Of most concern, however, was that telegraph 
offices all over Europe and North America failed, 
with some throwing sparks or catching fire. This led 
to much speculation about the effects a similar storm 
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with Québec’'s location on a large rock shield that 
prevented the flow of current through the Earth, 
tripped the circuit breakers in the power grid of the 
Hydro-Québec power station and knocked the station 
offline, sending 6 million people into a blackout 
lasting nine hours. 

The geomagnetic storm of 1989 served as a 
reminder that solar flares can cause widespread 
damage, and since then numerous power stations 
have taken measures to ensure such an event does 
not occur again. “In the past few decades, the grid 
has undergone major changes to make it more robust 
and better able to neutralise the geomagnetic effects 
of solar storms,” a spokeswoman for the Hydro- 
Québec power station told us. “Since 1989, solar 
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How the NOAA 
classifies solar 
radiation storms 








A long filament of solar material, a coronal mass ejection (CME), 
erupts from the Sun in this image from 31 August 2012 





activity has not disrupted the performance of Hydro- 
Québec’s transmission system.” 

That, however, does not mean we are safe from 
a future huge outburst from the Sun. “We are so 
reliant on satellite-based technology, like GPS-based 
applications, and you look at them and they're all 
very similar,” Kunches said. “One really couldn't be a 
backup for another because they all fly at about the 
same orbits. And then you get to the electrical power 
grids and how interconnected they are, and if you 
get induced currents that cause transformers to be 
damaged and the ripple effects from those could be 
quite strong. We rely on infrastructure that is known 
to have sensitivities to space weather.” 

And while the general public may not have much 
of an interest in space weather, a large solar storm 
would certainly be noticeable to the layman on 
Earth. “I think everyone would agree that if you had 
a Carrington-like event there's no doubt that normal 
citizens, who have no awareness of space weather 
and really don't care about it, would wake up in 
the morning and they would see that something 
is different,” said Kunches. “They would find that 


Solar space observatories 





SOHO 

The Solar and Heliospheric Observatory (SOHO) 
launched on 2 December 1995 to observe the Sun 
from a position between the Earth and the Sun, the 
Ll Lagrange point, and it continues to operate today. 
A joint project between ESA and NASA, it is currently 
the main source of data for space weather predictors. 
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ACE 

NASA's Advanced Composition Explorer (ACE) has 
been in space since 25 August 1997, with its main 
goal being to study the composition of solar wind. 
Like SOHO it is located at L1, and it is expected to 
continue operations until around 2024 when its fuel 
will be depleted. 


\, 


something, be it their electricity or their television or 
their cell phone, is not available as they wish it to be.” 
With space weather prediction agencies like the 
SWPC we are able to prepare for the worst when 
it comes to solar storms but, ultimately, if a huge 
emission event were to occur we don't have much 
of a defence. In extreme cases we can power down 
equipment, and prepare our electronic infrastructure 
to deal with an increase in energy, but there is no 
way to deflect solar flares and not much we can do if 
a particularly powerful one interacts with the Earth. 
While we can estimate when a storm will arrive, 
determining its power as it travels from the Sun to 
the Earth will be of most importance for the future 
of predicting solar storms in order to try to minimise 
the effects of a large solar flare. “The next big step 
to be taken is in the science to better understand 
the information that's available to us right now,” said 
Kunches. “I think that's the challenge of the next 
generation of space scientists, to try and understand 
better than we do now which of all the remarkable 
features we see back at the Sun are going to be the 
ones that really impact the systems we depend on.” @ 





STEREO 

These twin spacecraft, known as the Solar 
Terrestrial Relations Observatory (STEREO), 
launched on 26 October 2006 and, through 
their respective solar orbits, they are able to get 
stereoscopic images of the entire Sun. This has 
proven useful for detecting solar flares. 
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ey 2 oe YP How probes use the massive pull of the planets to . * 


ve propel themselves through the Solar System : 
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Gravity assists, or ‘slingshots’ as they're 
also known, have been the catalyst 
for the exploration of our cosmic 
back yard. Without them we wouldn't 
have been able to send as many craft 
as we have into space and we might 
still be struggling to send them as 
far as Jupiter, especially missions like 
Cassini, Voyager 1 and 2, New Horizons 
and Dawn, all of which have travelled 
to the asteroid belt and beyond. The 
principle of a gravity assist is simple 
even though the theory and execution 
is far more sophisticated: by using 
the ‘pull’ of the gravity of one of the 
massive bodies in the Solar System, 
a probe can increase or decrease its 
velocity without expending any extra 
of its own fuel reserves. 

The technique is almost ubiquitous 
in travelling beyond the orbit of 
Earth, whether we're slowing a probe 
down. to insert it into Martian orbit, 
changing trajectory or flinging it 
out with enough velocity to avoid 
being captured by another planet's 
gravity, to beyond the heliopause into 
interstellar space. Probably the most 


ambitious examples of gravity assists 
are the Voyager 1 and 2 probes, which 
are currently at the edge of our Solar 
System after 36 years in space. The 
first part of Voyager 2's journey was 
made using something called a type- 
IJ Hohmann transfer orbit to Jupiter. 
This type of trajectory takes into 
consideration that, even as Voyager 2 
was strapped to its Titan HIE/Centaur 
rocket on the launchpad, it was still 
orbiting the Sun along with the rest of 
planet Earth. Its launch vehicle gave 
the probe just enough energy to leave 
Earth while using the energy of its 
current solar orbit to transfer into a 
Jovian orbit. This was timed precisely 
so that Voyager 2 had to travel as short 
a distance as necessary to arrive at the 
point in Jupiter's orbit exactly when 
Jupiter was there. 

Hohmann transfer orbits are 
designed to minimise the amount of 
chemical propellant required to enter 
a different orbit, but slingshots tap 
directly into the angular momentum 
of the Solar System. Voyager 2 had 
enough fuel to launch into a Jovian 


Voyager flyby missions 
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Launched a few weeks after its twin 


probe, Voyager 1 had gravity assists 


from Jupiter then Saturn, before 
flying directly to its current position 


at the edge of the Solar System. _. 
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transfer orbit but if NASA's timing was 
off and Jupiter hadn't been there at 
the right time, Voyager 2 would have 
fallen back towards the Sun and into 
an elliptical solar orbit. Things went 
as planned, though, so that Voyager 

2 passed behind Jupiter as the planet 
continued on its orbit, exerting its 
massive gravitational influence on 

the probe and causing it to fall with 
increasing velocity towards Jupiter. 
Because Voyager 2's velocity became 
greater than that required to escape 
Jupiter's gravity, the probe was able 

to pass deeper into space while losing 
some of its velocity relative to Jupiter. 
Think of it like a bicycle, speeding up 
to the bottom of a hill and then using 
that momentum to climb the hill on 
the far side. If you were inside Voyager 
2 as it passed Jupiter, it would have 
felt as if it was falling faster and faster 
towards Jupiter, before slowing down 
as it moved off in a different trajectory. 
There would have been no change in 
velocity relative to the Sun, however, 
just an increase in Voyager 2's angular 
momentum towards Jupiter. 
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| Voyager 2 
MRE Ce clm lee alanine 
its twin, Voyager 2 used its Saturn 
flyby to move on to a Uranus and 
a Neptune gravity assist, before 
moving out to the heliopause on a 
different trajectory. 





Gravity power 





The cost 
of massive 





gravity 
power 


One of the fundamental laws of 
physics is that for every action 
there must be an equal and 
opposite reaction to balance it 

out, so the change in angular 
momentum with a relative 
increase in velocity of a probe 
using a gravitational assist, costs 
energy. For example, when NASA's 
Dawn spacecraft used Mars's 
gravity to deflect its trajectory 
around the Sun on its way to 

the asteroid belt, it required the 
equivalent velocity change of more 
than 9,330km/h (5,800mph). That 
would have been quite costly in 
terms of fuel if Dawn had to stump 
up the energy itself, but this came 
at the expense of Mars's orbit 
instead. Because the Dawn probe 
had mass, it therefore had a gravity 
of its own and however small that 
gravitational influence was, it still 
exerted a force upon the orbit of 
Mars. As the planet's mass is nearly 
600 million-million-million times 
the mass of the probe, the cost of 
helping Dawn meant that Mars 
was Slowed in its orbit so that after 
one year, its position was off by 
roughly the width of a single atom. 
The bigger picture is that in the 
next 180 million years, Mars will 
be behind what its original orbit 
would have been by approximately 
25emm (iin) 





A history of gravity assists 


2000 - Cassini 
Cassini uses several 
gravity assists, consisting 
of two flybys of Venus, 
one of Earth and one of 
Jupiter to arrive at its 
destination, Saturn. 


1961 - Michael 
Minovitch 

JPL student Michael Minovitch 
uses Hohmann's patched conics 
to calculate interplanetary 
trajectories, leading to the use 
of gravitational assists. 


1973 - Mariner 

The Mariner programme's 
Venus-Mercury mission 
becomes the first to use 
a gravity assist, when it 
flies behind Venus to get 
to Mercury. 


1925 - Walter Hohmann 
The German engineer Walter 
Hohmann invents an analysis 
and prediction tool for gravity 
assists called ‘patched conics’. 
It's later taken up by NASA for 
the Apollo programme. 


1890 - Felix 
Tesserand 

French astronomer Felix 
Tesserand observes that the 
orbit of a comet is drastically 
perturbed after it makes a 
close approach to Jupiter. 
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Focus on Martian meteor mountain 


Martian meteor 


mountain 


The Curiosity rover snaps a panoramic view of Mount Sharp and 
the environment that may have once supported life on Mars 


Written by Ben Biggs 





Dust storms Yellowknife Bay 

Mars experiences hurricane-speed winds of up to The target area in Gale Crater to the north of Mount 
160km/h (99.4mph) but because its atmosphere is so Sharp was called Yellowknife Bay (incidentally, also 
thin, this would feel like a gentle breeze. It does stir up the name of an Arctic town). One reason why it was 


the fine Martian dust into huge dust storms, however. chosen was because it used to be an old lake bed. 





Aeolis Mons (or Mount Sharp as it’s more commonly 
known) is the peak at the centre of Mars’‘s Gale 
Crater, the landing site for NASA's Curiosity rover. 
The mountain is 5.5 kilometres (3.4 miles) high, 
while Gale Crater is 154 kilometres (96 miles) in 
diameter. Both were formed around 3.8 billion 
years ago in one of the many meteor impacts that 
peppered the surface of the Red Planet early in its 
history. Central mounds are a characteristic feature 
of many meteor impact sites, created when the 
rocks at ground zero were highly compressed at the 
moment the meteor struck and rebounded upwards 
shortly afterwards to form the peak. 

Although Mount Sharp's height from the crater 
floor puts it three times as tall as the Grand Canyon 
is deep, it’s still smaller than several of Earth’s 


Aeolis Mons 


The mountain in the middle of Gale 
Crater was unofficially named in 2012 
after geologist Robert Sharp, an expert 
on the geological surfaces of Mars. 
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biggest mountains and it’s dwarfed by Mars's tallest 
peaks. This includes several that range from 14 to 18 
kilometres (8.7 to 11.2 miles) high and the gigantic 
Olympus Mons, the tallest mountain in the Solar 
System, which is over 21 kilometres (14 miles) high. 
It was partly because of its relatively puny stature 
that Mount Sharp remained an unnamed mountain 
of Mars for 40 years after it was first discovered 
in the Seventies, until conspicuous mounds of 
sedimentary deposits were found around the peak 
and it was chosen as a landing site. Since touching 
down on Mars's surface, the Curiosity rover has 
conducted experiments and soil analysis in this 
region of the crater, discovering evidence of water 
and an ancient Martian environment that was once 
SUN lem Om Ice 





Wernecke 





Curiosity holds its Mars Hand Lens Imager 
and dust-removing brush above a target in 
the mudstone called ‘Wernecke’, which it 
later took its first drill sample from. 
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A self-portrait of the Curiosity Rover, taken by its 
Mars Hand Lens Imager (MAHLIJ) on the same patch 
of rock it snapped Mount Sharp from 


This panoramic 
view of Gale Crater 
looking towards 
Mount Sharp was 
taken by Curiosity in 
January 2013, during 
the 166th, 168th and 
169th Martian sols 


© NASA 
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Kevin Docherty 
The short answer is that no om 

s for certain where am 

nets ane wntil they've been 
fovured. Gut it is aahiet to nanow 
t helpful 
TSH2T ator 1s 


cl FAT] whee Mis | at hee 
to look. ‘The first car 
te 3 [= = i 
thinking about the 


to be found: the most i 


Ivpes of planet 
MCILINg wea 
lots of people is pos sity finding 

ih 2.0 fanother planet just like 

» ooking at Sun- dike Sars is 

aso iIMpar 

restrictions 


tthe DoH il 


; 
fant to be 


Of example 
looking lor an 
wih if the equipment being 


1 
i able in. cetect cH 


pmebect one. & 


exoplanet the size of 
Lise) 
Wal mont re 


NASA's Keplufelescope launched in 


March 2009 as since been our | 
main planet-huntng telescope | 


gf SPACE EXPLORATION | 


Wilal to 
cas abe 
80 specie 
ns for each mission 
‘“amphe the Kepler spacectal 
lime Earth in its oftet around 
needs 16 | rit 
Ving signals from its target sia 
ny transits. This meant 
f where Kepter | 
| i any parts al ihe elit 1 
Hocked by emther the Ea 
4 moves around ifs 
chosen for Kepler 1 
stellations of Cyenue 


L 7 - 
IN anc 


also Vigihle in ou 


ory Pay at - Prey Le | rc 
1 AL ma L , Ltd Le 





Could the universe 


actually bea 


[t's possible: the idea of parallel 
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‘multiverse’? 


te mE ah 
dimensions than we observe, and 
sugeests that everything we know of 
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from one another, creating a different 
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made, There is no agreed observational 
evidence for any of these theories, but 
scientists are certainly looking. MIW 
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the Big Bang? 


Jack Walker 
In a way, yes. The COBE telescope, 
which launched in 1989, studied 
something called Cosmic Microwave 
Background (CMB) radiation. This is 
the afterglow of the Big Bang. This 
signature was left as the initial energy 
released from the Big Bang spread 
out across the universe. Since COBE 
more missions have studied the 
CMB in more detail. So far the data 
collected has supported the theories 
for an expanding universe. One 
curiosity, however, is that the universe 
is not even. In the background there 
are subtle variations of energy and 
these fluctuations don't appear 
to be balanced. This has baffled 
scientists. It is expected that with 
no other influences as the universe 
expanded it would be roughly similar 
§ = inall directions. Study of the CMB 
§ §=6> has shown that this isn’t the case; 
evidence of some large-scale structure 
has been found. This structure helped 
develop the idea of exotic dark matter 
See = and currently remains one of science's 
= greatest mysteries. JB 
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What would 
happen if the Earth 
stopped spinning? 


Joy Walshe 
If the Earth stopped spinning we'd end up like one of the tidally locked moons in 





the Solar System. Of course, there will never come a day that the Earth stands still, 


however, considering what would happen if our planet was to grind to a halt from 
a velocity of over 1,600km/h (1,00Omph) - the speed that it rotates - is interesting. 

You might think that we'd all be catapulted from the surface and into space 
but this isn't the case. A sudden pause would cause everything on its surface to 
suddenly move at a speed of over 1,6400km/h (1,00Omph) in a sideways direction. 
Since the velocity needed to escape the Earth's gravity is over 39,900km/h 
(24,800mph), we stay tacked to the surface, yet jolted forward. Also, the oceans 
would be thrown into chaos, sloshing sideways and swamping everything in 
their path. The speed the Earth rotates slows down as you move from the equator 
and towards the poles and so standing at the North and South Poles, you would 
hardly feel a thing! Additionally a day would last 365 days. We would no longer 
see day turn to night and the Sun would take a year to move through the sky. One 
hemisphere would be subjected to the Sun's intense heat for half a year, while the 
other would be in pitch darkness. 

Freezing our planet's rotation would also cause it to spring into a perfectly 
spherical shape rather than its current flattened ball appearance. Since our planet's 
tilt is defined by how it's rotating compared to the Sun, no rotation means that 
there would no longer be any seasons. GL 


Is a bigger amateur telescope 
better than a smaller one? 


Kim Bexon 
Yes, the larger an amateur telescope, the more you will be able to see with it 
in comparison to a smaller telescope. The reasoning behind this is that larger 
telescopes have larger apertures. You will often find that a telescope's size 
is given in a diameter measurement in millimetres or inches - this 
is its aperture. The wider the aperture, the more light that can 
be collected, allowing faint objects such as galaxies and stars 


_ to become visible as well as offering much more detail of the 
- - ; Moon and planets. Remember to avoid telescopes that are small 
but claim to have a brilliant magnification of, say, 400x or 
500x. It should always be the diameter you should look out for 
when buying a telescope. For more advice about telescopes and 
binoculars, check out our guide on getting started in astronomy in 
issue 7 of All About Space. Here we have given advice on everything 
from choosing the best equipment to your first night under the stars. GL 
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Have there 
ever been 
explosions 
and fires on 
spacecraft? 


Kuba Sutkowski 

Yes, and some have been fatal. In 
1967, Virgil ‘Gus’ Grissom, Edward 
White and Roger Chaffee were 

on the launch pad in the Apollo 

1 spacecraft running a ‘plugs-out 
test’ (to see whether the craft could 
operate on internal power) when 
a fire began. With a pure oxygen 
atmosphere it didn't take long 

for the fire to take hold. All three 
crewmembers died. 

Possibly the most famous 
accident is Apollo 13. En route to 
the Moon, a massive explosion was 
triggered, prompting the famous 
“Houston, we have a problem” 
line. Despite the lack of power 
and inability to land on the Moon, 
mission control and the Apollo 13 
crew were able to bring the craft 
back to Earth. 

Of course, the Space Shuttle 
programme experienced two more 
recent losses. In 1986, the Space 
Shuttle Challenger (carrying the 
first civilian astronaut - a teacher 
called Christa McAuliffe) shook 
itself apart within two minutes of 
take-off when an O-ring seal on the 
right solid rocket booster failed. In 
2003, the Space Shuttle Columbia 
blew up on re-entry following 
damage to the heat shielding 
caused by a piece of insulating 
foam falling from the rocket. 

The Russians have not been 
able to avoid space fires either. 

The Mir space station experienced 
a fire after a cosmonaut ignited a 
perchlorate canister that produced 
oxygen to supplement the space 
Station's air supply. Luckily the crew 
were able to bring the fire under 
control and no one was harmed. SA 
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How close to the edge of a 


galaxy can planets exist? 


Daniel Bellinger 

We don't know for sure, but there 

is a region (where Earth is) roughly 
halfway between the centre and the 
edge. The same sort of habitable zones 
that apply to planetary systems might 
also apply to galaxies, meaning there is 
a specific region within a galaxy where 
planets could exist. With missions 
such as Kepler finding thousands of 
planets outside our Solar System, the 
number and location of these foreign 
worlds is grabbing people's attention. 


www.spaceanswers.com 





One question that always follows 
discussions of exoplanets is whether 
or not life could exist on them and 
a way of figuring this out relates to 
the ‘habitable zone’. This region of 
Space around a star represents the 
location that is ‘just right’ for liquid 
water to exist, not too hot or too cold. 
It has been suggested that this idea 
may apply to planets in galaxies. This 
idea was put forward by Guillermo 
Gonzalez, who suggested that a planet 
would need to be far enough from 


ri 


the galactic centre to avoid harmful 
radiation but far enough from the edge 
of the galaxy to ensure enough heavy 
elements to form the planet. This gives 
the Milky Way's habitable zone as a 
6,000 light-year-thick band 25,000 
light years from the centre. 

Currently not enough planets have 
been detected for scientists to put 
solid limits on where planets can 
form in the galaxy but more and 
more missions are collecting data and 
adding to our knowledge. JB 


as anyone ever caught 


, the common cold in space? 


F y No. There have been a few space illnesses, but generally astronauts 
are kept safe from viruses and the like by staying in quarantine 
before launch. Space agencies, such as NASA, are extremely 
cautious about any illnesses before they send astronauts into space. 
Anything from swine flu to the common cold can be disastrous 
to any crewmembers as the microgravity weakens the immune 
system, making the illness much more prominent. GL 
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Why do planets keep 
spinning? 

The planets spin because of the 
way they were formed - from the 
collapse of a huge spinning cloud 
of gas and dust. They carry on 
spinning since there are no forces 
to stop them. 


“ What is an equatorial 
mount? 

A mount for a telescope and 
cameras that allows the rotation 
of the sky to be followed while 
having one rotational axis parallel 
to the Earth's axis of rotation. 


“~ What size of binoculars 
are best for astronomy? 

A pair of 10x5Os (lens diameter of 
50mm and a magnification of 10x) 
are ideal. For the older observer, 
7x40s are recommended. 


“~ When will the next 
opportunity for a Voyager- 
esque planetary tour be? 

In over 100 years, when the 

outer planets - Jupiter, Saturn, 
Uranus, Neptune and dwarf planet 
Pluto - next align like they did in 
the late Seventies. 


~) Where does space begin 
on Mars? 

Mars's equivalent of the Earth's 
Karman line - the point at which 
a planet's atmosphere ends and 
outer space begins - is at just 
under 1OOkm (62 miles) altitude. 


“ How many asteroids are 
in the asteroid belt? 

There are thousands and 
thousands of asteroids in the 
asteroid belt between Mars and 
Jupiter. Astronomers, however, do 
not have an exact number. 


~) What is space sickness? 
Space sickness, generally nausea 
and headaches, is a result of 
weightlessness that affects 

some astronauts. In such an 
environment astronauts do not 
have the same feeling of balance 
as on Earth, so they must rely on 
visual receptors alone, which can 
cause so-called space sickness. 
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Is Sirius a variable star? 
Yes. Sirius is a binary star system 
made up of a main sequence star 
and a white dwarf stellar remnant. 
The pair orbit each other causing 
a change in brightness. 


Will space tourists 
have to wear spacesuits 
and helmets? 
Those planning on flying on 
Virgin Galactic, for example, 
will need to wear personalised 
Spacesuits, a high-definition 
helmet with a built-in microphone, 
headphone and connection to an 
oxygen tank. 


What is a dwarf planet? 
Technically, a dwarf planet is 
defined as a celestial body in 
direct orbit of the Sun that's 
massive enough for gravity to 
affect its shape, yet it hasn't 
cleared its orbit of other objects. 


Is the universe 
expanding faster than the 
speed of light? 

Yes, the universe is expanding 
faster than the speed of light. This 
means some of the galaxies that 
we see currently moving away are 
moving faster than 300,000 km/ 
sec (186,000 miles/sec). 


How long has the 
Hubble Space Telescope 
been in space for? 

The Hubble Space Telescope was 
launched aboard Space Shuttle 
Discovery on 24 April 1990 

and recently celebrated its 23rd 
birthday in space. 


How many people 
have travelled beyond 
low Earth orbit? 
Just 24 people, all during the 
Apollo lunar missions, have 
travelled beyond low Earth orbit 
and three of these - Jim Lovell, 
John Young and Eugene Cernan - 
did so twice. 
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Will interstellar travel 
ever be possible? 


Martin Gawne 

Technically we have already launched 
our first interstellar probes - the 
Pioneer and Voyager spacecraft that 
will soon be leaving our Solar System. 
However, these will take tens of 
thousands of years to pass close to 
another star. Is it possible to travel 

to the stars faster? In the Seventies a 
team from the British Interplanetary 
Society produced Project Daedalus, 
which was a detailed design concept 
for a nuclear fusion-powered 
spacecraft. It would carry 50,000 tons 
of deuterium and helium-3 pellets 
that could be used in a fusion reactor 
to propel the starship to 12 per cent 
of the speed of light, taking around 
50 years to reach the nearest stars. 
Their conclusion was that there is no 
theoretical reason why interstellar 
travel should not be possible. 
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Another proposal was Project Orion, 
which scientists considered in the 
late-Fifties, which would have dropped 
a nuclear bomb every three seconds, 
the blast waves propelling the starship 
onwards at a speed between five to ten 
per cent the speed of light. However, 
the treaty that bans nuclear testing in 
Space means the Orion spaceship is 
unlikely to ever happen. 

If carrying 50,000 tons of fuel is a 
bit much, one other idea is to collect 
it on the way there, by using giant 
magnetic fields to sweep up the gas 
between the stars and use that as fuel 
for a nuclear reactor. This method is 
known as a Bussard ramjet. 

Today there are several 
organisations studying forms of 
interstellar propulsion, including the 
Institute for Interstellar Studies and 
Icarus Interstellar. GL 






What is absolute anc 
apparent magnitude? 


wt siae)yanl 


The brightness of objects from Earth are measured on 

a Magnitude system. The lower the magnitude number, the : 
brighter the object, The brightness of an.object as seen from our planet is 
referred to as the apparent magnitude. Astronomers define this magnitude 
as the brightness of an object in the absence of the Earth's atmosphere. 
Absolute magnitude is the apparent magnitude of an object if it were 32.6 
light years away and in the absence‘of any sources that could interfere with 
its brightness. Fixing the distance allows astronomers to directly compare 


the brightness of stars. GL 


When will 
the next 
manned 
mission to — 
another body 
in the Solar 
System be? 


li. all poes to plan, humans coukl 
arrive at another body in the Solar 
Sysiem within a decade, Mankind 
has already successfully landed 

Sik Manned TSS 10TS On ane of ee 
body in our Solar System. the 
Moon. The next mission to attempt 
to land humans on the surface of 
another body will either be back to 
the Moon, which seems to be the 
plan for the Chinese Space Agency, 
or Mars. NASA has stated an aim 





of sending humans to ortat Mars 
In the 2030s, bul there are private 
companies who have announced 
plans to do this before 2020 tthe 
Inspiration Mars Foundation) of 
even establish human settlement 
on Mars by 2023 (Mars One) 

These companies have one major 
roadblock before their plans 
become reality - finding the 
funding. If their fundraising efforts 
are success!ul then while there 
are many technological difficulties 
in sending humans to Mars, it is 
probable that they will at least 
make an attempt. Until a private 
company raises enough money. 
though, the timescale for 
landing humans on another 
Solar System body is 










likely to be closer to a 






muninium of 25-30 
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ralher than under 







ten years. JB 







SpaceX’s 
Falcon Heavy 
could be the 
rocket that 
takes humans 
to Mars 
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Shannon Bailey 
Almost definitely not. Considered by 
many to be a potential location in the 
search for extraterrestrial life, Europa 
is an icy moon of Jupiter. It is believed 
that below its frozen ice surface there 
could be a giant ocean of liquid water. 
So what if we dragged it to the same 
distance from the Sun as the Earth is? 
Well, the first thing to note is that 
the Earth is situated in what's known 
as the Goldilocks Zone, just the right 
GiKjectal@cee Ae h Mm ncO ae mencmSlUNe mantels 
liquid water can exist. This sounds 
exciting as it would cause Europa’s 
outer ice crust to melt, allowing the 
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How big does 
FLOP ice OMIA = 

to be to make it 

through Earth's atmosphere? 


SEEM my ttle hig 

The size required for a near-Earth 
object (NEO) to become a meteorite 
(something that makes it to the 
ground) varies depending on its 
speed. As an object collides with the 
Earth's atmosphere we get friction. 
This generates heat and the faster 
the object is moving the more 

heat is generated. At the speeds at 
which things enter our atmosphere 
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whole planet to essentially become a 
water world. 

However, we do need to think 
about the size and the effect of 
gravity on an atmosphere. About the 
Same size as our own Moon, Europa 
is relatively small. Our Moon does 
not have enough gravity to keep 
an atmosphere. Any atmosphere 
there once may have been soon 
gained enough energy to escape the 
gravitational pull of the Moon. As a 
result, Europa would also lose any 
atmosphere, resulting in the oceans 
boiling away. Over time we would just 
be left with a barren, small moon. SA 


temperatures can be in excess of 
1,700°C (3,092°F). At this heat rocks 
tend to begin to vapourise. This 
dramatically reduces their size. Often 
even large lumps of rocks end up no 
bigger than grains of sand. However, 
as some rocks get larger the chance 
of them surviving the journey 
increases. On Earth we're impacted 
with around 100 tons of space dust 
every day. JB 
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lunar surface with our guide 


TARGAZER 


GUIDES AND ADVICE TO GET STARTED IN AMATEUR ASTRONOMY 


telescope 


8 Me and my 


Our readers showcase their best 
astrophotography images 


93 Astronomy 


kit reviews 
This month's essential 
astronomy kit revealed 









The main mirror in a 
Newtonian reflecting 
telescope is called the 
‘primary’. The light from 
the objects which the 
ichescopre 15 panting al 
SlTikes Wie Mirror first are 
its diameter and quality 
govern the detail and how 
bright the objects appear to the 
observer. It sits on an adjustable 
support called the ‘cell’. 


Secondary 
mirror 


The secondary mirror is held 
near the top of the telescope’s 
tube and is elliptical in shape 


resolution, could be greater. Because it 
is cheaper to manufacture mirrors of 
a given size than lenses of the same 
size, reflectors also have an advantage 


and has a flat surface. It is 
placed at an angle of 45 degrees 
so that it reflects light from 





The reflector telescope is an amazing 
instrument. We take a look at their 


history and how they work... 


The great 17th Century scientist Sir 
Isaac Newton is credited with the 
invention of the reflector telescope, 
although there were others who came 
up with a similar idea for such a 
device at around the same time. 

The only type of telescope in use by 
astronomers in the early-1600s was of 
course the refractor which used glass 
lenses in a tube in order to gather 
and focus light. Several scientists 
were aware, however, that there was 
another way to achieve this, using a 
mirror. In 1668, Newton produced a 
small telescope which used a spherical 
mirror made of polished metal that 
bounced the light reflected from it 
up the tube to a much smaller flat 
mirror at an angle of 45 degrees. This 
in turn reflected light through a small 
hole made in the side of the tube 
where it could be focused and viewed 
through an eyepiece lens. This type 
of telescope soon became known as 
the Newtonian reflector and it is still 
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very much in use today, although its 
size and method of construction has 
taken a great leap from Newton's first 
production. However, the problem 
with making metal mirrors, made 
from a material called ‘speculum’, an 
alloy of copper and tin which can be 
highly polished, meant that they did 
not become popular for nearly another 
100 years when the technology was 
improved such that the mirrors could 
now be made of glass. 

It was quickly realised that 
reflecting telescopes had many 
benefits including less optical 
problems, known as aberrations, 
than refractors at the time. And, 
probably the greatest advantage of all, 
the fact that mirrors could be easily 
made much larger than lenses. As 
construction methods and technology 
improved, mirrors and therefore 
telescopes, became larger. This in 
turn meant that fainter objects could 
be discerned and detail, known as 


on a cost/performance scale. Due to 
this and some of its inherent optical 
advantages, Newtonian reflectors are 
popular for astronomers wanting to 
study deep sky objects which are, 
by their nature, faint. Newtonian 
reflectors don't hold all the aces, 
though. Due to the secondary mirror 
effectively blocking some of the 
light entering the tube, contrast in 
images can be affected, although 
this is usually minimal. It can be 
enough though, to make a difference 
to planetary and lunar studies where 
contrast and detail can be critical. 
Over time the Newtonian reflector 
was joined by other designs of 
telescope, some of which tried to 
combine the advantages of both 
the reflector and the refractor. The 
‘compound’ telescopes now come 
in many guises and can be useful 
for certain types of observation and 
study, but the Newtonian reflector is 
still ubiquitous, being used by both 


amateur and professional astronomers 


the world over. @ 





the primary mirror out of the 
side of the telescope tube for 
comfortable viewing. 


Spider 


The secondary mirror is 
suspended by a device which 
traditionally had four arms or 
‘vanes’, called a ‘spider’. You 
can also find two or three 
vaned spiders. These hold the 
secondary mirror centrally over 
the primary and allow it to 

be aligned and adjusted in an 
operation called collimation. 


Focuser 


In order to see the image from 
the mirrors properly and to be 
able to magnify it, you need to 
view it through an eyepiece. 
This is placed in a moveable 
tube called the focuser which 
can be adjusted using the 
focusing knobs to give the 
observer a sharp, clear view. 
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“Reflectors 
require a 
little more 
maintenance 
than a 
refractor’ 


® Secondary mirror 
Tilted at an angle of 45°, this small, 
flat mirror has an elliptical shape 
which looks circular when viewed 
through the open focuser tube. 


Spider @ 
The spider is the device which holds 
the secondary mirror centrally over the 
primary. The vanes have to be thin so as 
not to block light coming down the tube. 





> A 
Reflectors have come a long way since 
Newton's time 







® Tube 


The cylindrical tube 
which makes up the 
body of the telescope 
holds the mirrors, 

the ‘spider’ and the 
focusing mount. Its 
size is governed by 
the diameter of the 
primary mirror. 
















Reflectors are ideal for 
viewing the Moon, planets 
and deep sky objects 
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Anatomy of a 
reflector telescope 


® Focuser 

The focuser consists of a 

tube which can be adjusted 

towards and away from the 

telescope tube to give a 

sharp focus in the eyepiece 
of the objects being viewed. 


Fs 


Primary mirror @ 


The primary mirror in a Newtonian reflector 
should be of good quality and preferably 
parabolic in shape, as this will give cleaner, 
crisper images. The diameter governs how 


much you will see. 





Pros 
and cons 


Newtonian reflectors make great 
amateur telescopes as you get a 
good aperture for your money. 
They are versatile so can be used 
for viewing the Moon, planets and 
deep sky objects. However, they 
do take a little more maintenance 
than say a refractor as the 

mirrors have to be aligned in the 
tube, with each other and with 
the focuser in a process called 
collimation. Although this can 
seem daunting at first, providing 
the user is careful and methodical 
it is usually straightforward and 
with practice, quite quick to 
perform and only needs doing 
once in a while. Because the 
telescope tube is open to the sky, 
mirrors can become tarnished and 
dirty; they can be cleaned, or every 
few years re-coated professionally. 
This is relatively inexpensive 

and is like having a brand-new 
telescope once the mirrors are 
reinstalled. Therefore the first- 
time purchaser needs to consider 
carefully if this is the right kind of 
telescope for them. 
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The constellations of summer mean that we may 
have to stay up late but it’s well worth it... 





Globular Cluster M92 Globular Cluster M13 


Viewable time: All through the hours of darkness Viewable time: All through the hours of darkness 
Often overlooked due to its brighter neighbour M13, Messier 13 is the brightest globular cluster viewable from the 
this is the other globular star cluster in Hercules and northern hemisphere. Just visible with the naked eye from 


is still one of the brightest in the night sky. It lies 
a little further away than M13 at 26,700 light years 
distance. It is one of the oldest objects in the 
universe at around 13 billion years of age. 

It is easily visible in binoculars, but a 
small telescope will begin to resolve 
many of its outlying stars. | 


a dark sky site as a small misty patch of light, in binoculars 
it looks like a fuzzy ball of light and with a small 
telescope you can start to resolve many of the 
outer stars in the cluster. It contains around 
_ 300,000 stars and lies around 25,000 

EE im SE VICVAiOu mt Cm lace lel 
| OB nmYecleB IORI eltae 




















ite Cte 
IMI17 


Viewable time: One or two hours 
either side of midnight 

The Omega Nebula goes by various 
names including the Swan or Horseshoe 
Nebula. It is a massive star-forming region within 
our galaxy and is around 15 light years in diameter 
and has a mass of 800 Suns! It lies between 5,000 
and 6,000 light years from Earth. Through a small 1 
telescope it, like M20, seems to be a bright, blurry hemisphere 
object that looks quite like the Greek letter omega 

from where it gets its name. 


Trifid Nebula 
M20 


Viewable time: One or two hours 
either side of midnight 

The Trifid Nebula gets its name from 

the fact it's made up of three lobes. Viewed 
through a small telescope it appears as a bright, 
=e : blurry object and shows up best using long-exposure 
Northern EN It is an SS) combination of open star 
cluster, emission and reflection nebulas and a dark nebula. 
It is 5,200 light years away from us and is host to a stellar 
nursery where new stars are being formed. The Hubble 
Space Telescope famously imaged this object in 1997. 
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“Run your gaze 
around the edge 
of the Moon and 
you'll spot the 
Jagged edges of 
mountains” 


How t 


An 
enhanced 
image of the 
Moon, shot by the 
Galileo spacecraft with 
its CCD camera on its 
mission to Jupiter 





view the Moon 


Find out how to get the best out of your views of the Moon 
whether using your eyes, binoculars or a telescope... 


The Moon is an object with which we are all familiar; 
however there are ways to observe it that will make 
your time spent looking at it more worthwhile. 

Everyone has noticed the phases that the Moon 
passes through - from the thinnest sliver to a bright 
‘full Moon’ - but when and where can we see these 
phases and what sort of view can we expect to get 
when viewing the Moon through binoculars or even 
a telescope? 

The starting point for the cycle of the Moon's 
phases is when it’s ‘new’, that is to say when we can't 
see it as it’s between us and the Sun. As it moves 
along its orbit around the Earth the phase increases 
as the sunlight illuminates more and more of the disc 
and it can be seen later in the evening. It’s fun to try 
to see the Moon when it is only a few hours old, just 
after the Sun has set below the horizon. Once the 
Moon is one day old it is easier to see and over the 
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next few evenings you'll also perhaps notice another 
phenomenon that’s easy to pick up with just your 
naked eyes called ‘Earthshine’. This is where the part 
of the disc of the Moon which isn't illuminated by 
the Sun is still visible, glowing faintly due to light 
being reflected off the Earth onto the Moon and 
then back to us again. This is sometimes known as 
the ‘old Moon in the new Moon's arms’. If you've got 
binoculars or a small telescope turn them on to the 
Moon and notice that all of a sudden you can see 
features which weren't easy to spot with just your 
eyes. Darker and lighter areas suddenly stand out 
and you will almost certainly see some craters. You'll 
notice there are shadows cast by the mountains and 
crater walls which make these features really stand 
out and look three dimensional. 

As the Moon phase increases you will be able 
to see more of the surface and the so-called ‘seas’, 


properly termed Mare (pronounced ma-ray from Latin 
meaning ‘sea’), stand out as darker regions of the 
surface. Run your gaze around the edge of the Moon 
and you'll spot it isn’t smooth but broken up with 

the jagged edges of mountains. Take a look at the 
terminator line, the division between the light and 
unlit area of the surface, as this is where you can see 
the longest shadows and some of the most interesting 
lighting effects. Crater walls cast long shadows where 
peaks can catch the sunlight. You could even have 

a go at taking pictures through your telescope. You 
can just point a camera into the eyepiece of your 
telescope and see what you get, but if you would like 
to do it more seriously, then you will need a DSLR 
camera and adaptor to fix to your telescope or you 
can use a ‘webcam’ to image the surface. This takes 
more setting up and determination, but the results 
can be spectacular. @ 
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View the moon 
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Lunar observation through a telescope 

Make sure the finderscope on your telescope is aligned 

with the main scope. This will help you more easily find 
the Moon in the eyepiece and also ‘zero in’ on interesting 
parts of the surface. 


The Moon in the crosswires 


Use a low-power eyepiece to start with for your 

observations. This will help you see the whole disc 
and orientate yourself with the view. You can increase the 
magnification later. 





Filter Motor drive 

A Moon filter is really helpful to dim down the If your telescope has a motor drive, make sure 

brightness of the Moon, especially when it is near ‘full’ that you have it switched on. The Moon will appear 
This is a grey (neutral density) filter which screws into the to move swiftly across the field of view and especially at 
telescope's eyepiece. higher magnifications. 





Terminator 

Direct your scope on to the ‘terminator’, the line 

dividing the light and dark areas of the Moon. This 
is the most interesting place to look. Look out for sunlight 
catching crater rims and mountains. 


Highlands 

Another very interesting area to explore with your 

telescope is the ‘highlands’, especially in the northern 
and southern regions, as they show up well due to shadows, 
even near full Moon. 
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Mare (seas) 


We know the Moon has no water, 
but it was thought a long time ago 
that it had seas in the darker areas 
that we can see with the naked 
eye. We now know these areas are 
in fact lava plains formed when the 
Moon was still young and hot. 


Craters 


Once thought to be volcanic in 
origin, the Moon's craters are 
now known to have been caused 
by impacts from asteroids and 
meteors. There is no atmosphere 
on the Moon and so no wind or 
rain to destroy the remains of the 
impacts which occurred in the 
early history of the Moon. 


Terminator 


As the sunlight moves across 

the face of the Moon we see the 
dividing line between night and 
day on the surface. This is known 
as the terminator and is a great 
place to view through a telescope 
wherever it is on the lunar surface 
due to shadows throwing features 
into relief. 


Libration 


The Moon wobbles slightly as 

it orbits the Earth, known as 
‘libration’, which means that 
sometimes we can see around 
the ‘corners’. Craters, mountains 
and other features not normally 
visible will then be seen at very 
acute angles, but nevertheless are 
available to view at certain times. 
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Telescope - 


Send your astronomy photos and 

pictures of you with your telescope 

to photos@spaceanswers.com and a 

we'll showcase them every issue > Sn 


Raymond é  ? 
Gilchrist . , 
Cumbria, UK 
Telescope: Sky- 
Watcher Explorer 
200P EQ5 
is ad oo)trsd iano) 0 am 
might like this * 
image of the Orion constellation. It was a 
taken from Walney Island, Barrow- 
in-Furness, Cumbria, on 27 February of 
2013 on a misty evening, as the sea ; 
‘ mist rolled in from the Irish Sea. The 
constellation Orion*looked stunning. : * 
The image was taken using a standard , a * 


Canon 350D mounted on my EQ5 with 
SynScan tracking.” Cd 





ST ret 

a Sheffield, UK 
Telescope: Sky-Watcher 

10” Dobsonian 

“IT gotinto astronomy when 

I was seven years of age; my 
parents bought me a little Tasco 
telescope for the Moon, and since 
then the telescopes have got bigger. I now own a 
10” Dobsonian, a Personal Solar Telescope and a 
Meade.GOTO scope and I'm still learning a lot. 
My first ever astronomy picture was of comet 

. Hale Bopp at 11 years old, when my dad was 
teaching me how to use his Fujika 35mm camera 
(and he still has it). I'm mainly an observer of 
planets, galaxies and nebulas. When it comes 

to astrophotography it’s mainly the Moon and 
constellations, not.forgetting the International 
Space Station and I try to get every pass. It never 
gets boring, it’s a fascinating hobby and when 
outside I feel in another world. It's so peaceful to 
observe what others may not get the chance to.” 


ws 
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Neel 
Bit 
Brighton, UK 
bil) av aCe) sere ye 
s, “These views of 
Diem Va eae ys 
were taken at Loch Maree in the 





northwestern: highlands of Scotland” ~ 


PN deena tee Rey (ora eC) 
fully dark. I had to wait until lam’_ 
ORS EVaae Tite R ona AKO Th cn Ce 
nearly daylight again. I took the 


ss 


photograph with a 10-22mim L series . ' | 
lens on a Canon 50D, DSLR camera.I ~ 
took four-ten-minute exposures that 


were then stacked together using a 
programme called DeepSkyStacker.: 
I then adjusted the contrast and 
brightness with Photoshop Elements 
11. This was.necessary to adjust for 


the growing daylight between lam mend Se 


and 2am ony weet ede /ee VA 


P cy 
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Marco Frissen 

LOSecioe | 
Netherlands 
Telescope: 
William Optics 
ZS70ED 

“Here is a high- 
resolution of the 
Moon and Jupiter 
in conjunction. 

It was shot with a William Optics ZS7OED 
with a Nikon V1 camera mounted. It was 
actually the first time I tried this setup. 
Note that it is not a single image, but rather 
a combination of two images, one exposed 
for the Moon and the other for Jupiter and 
its moons [top right]. The Moon and Jupiter 
did not fit into one single view using my 
setup, so I decided to shoot the objects 
separately and combine in post-processing. 
I wanted a square image, so I moved Jupiter 
and its moons quite a bit closer to the 
Moon than they actually were. I guess a bit 
of creative freedom is allowed, right?” 
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= 2 night 


.. Sky was a breeze 





Firsttime 
astronomers 


A pair of stargazing beginners tell us 
what happened when they each met 
their first telescopes 





The quick-start guide 
makes the SkyProdigy 90 
incredibly easy to set up 


Celestron 
SkyProdigy 90 








Tested by: 
Marcus Faint 
Cost: 
£749.99/$980 
From: www. 
hama.co.uk 
“Being my first 
time using a 

= me telescope, I was 
initially daunted by the prospect of 
setting up the Celestron SkyProdigy 
90, especially because this one is so 
hi-tech. But it surprised me how easy 
it was in the end: the quick-start guide 
was an absolute life-saver and eased 
me into viewing my first stars up close 
without ever using techno babble that 
would have had me running a mile. 

“Once the telescope was set up, it 
was time to let the auto-calibration do 
its thing. I watched with amazement 
as the telescope moved independently 
of me and got itself into the best 
viewing position. It picked out three 
positions to gather information from 
and once triangulated, the handset 
told me it was ready to go. 

“I chanced on the Sky Tours option 
which appeared to provide a guided 
tour of the sky, star by star, and I 
simply hit enter on the handset when 
I was ready to move on to the next 


"T watched with 





as the telescope moved 
independently of me and 
got itself in to the best 
viewlng position” 
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celestial body. I was amazed at the 
number of stars it had picked up in 
the relatively short amount of time 
from finishing the setup. As my eye 
followed the scope around I did find 
myself staring at a bush on a couple of 
occasions, but this was more down to 
the limited space in my garden than 
anything else. 

"I definitely came away from the 
my first experience with a telescope 
realising just how important the 
location is for stargazing. Sadly, 
because I was in a confined garden 
with a block of flats obscuring part 
of my view I don't feel as though I 
got as much as I could have out of 
the SkyProdigy 90. I can't fault the 
scope, though, it instantly made 
me feel comfortable and provided 
just the right amount of guidance 
without making me feel stupid. I have 
no doubt that I only scratched the 
surface during my time with it and 
I also suspect the nights I picked to 
look were perhaps not the optimum 
time to view. The wealth of options 
and adjustments that this telescope 
provides is fantastic and I can honestly 
say I look forward to my experience 
with the sky - maybe with one of the 
All About Space experts.” @ 


Although 

=>'q oye TIA om was 
scope was perfect 
for a first-time user 


amazement 
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SWAY OMAN Binet to set 
up but felt a little cheap 
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The VMC-110L struggled in an 
area of high light pollution 
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First-time astronomers 


Vixen 
VMC-1LI0L 


Tested by: 
Stephanie Hughes 
Cost: 
£429.99/$299.99 
From: www. 
vixenoptics.co.uk 
“I'm fascinated 
by the stars and 
Space but I've 
never looked up 
at the night sky 
with anything 
more than a pair of binoculars. I 
Suppose a proper telescope can be a bit 
intimidating for a first-time stargazer, 
which is why I wanted something 
simple. The Vixen telescope I used for 
my first stargazing experience was in 
some ways, not the best option. It was 
simple to set up all right, despite the 
manual being a little bit fiddly to work 
from. The tripod, knobs, viewfinder, 
scope and lens assembly was pretty 
intuitive, a bit like sticking a Kinder 
Egg toy together! Unfortunately, like a 
Kinder Egg toy, it did feel a bit cheap: 
the knobs for adjusting the horizontal 
and vertical axes of the telescope 






were hard to fit on and Kept falling 
off, plus the plastic lens caps felt a bit 
flimsy. But it took ten minutes to put 
it together and place it on my balcony, 
which always has a really great view 
of the sky. 

“The red-dot viewfinder was a new 
experience for me. Using that I was 
able to point the telescope directly at 
the spot where Orion's Belt was, which 
I'd viewed before with binoculars but 
I'd always wanted a closer look at the 
nebula. The view I got was a little 
bit better with the telescope: I could 
clearly make out the diffuse area by 
Orion's Belt, although it wasn't quite 
the same as the incredible coloured 
clouds I've seen in some photos. I 
think my expectations might have 
been a bit high, even though I was 
pleased with what I saw. 

“I live in the middle of a busy town, 
so I underestimated the amount of 
light pollution in the area. Next time, 
I'm going to take my telescope to a 
dark sky certified area near me, I think 
the Vixen telescope would perform 
much better out there.” @ 


‘T think my expectations 
might have been a bit high, 
even though I was pleased 


with what I saw” 





It did a good job, but there are 
scopes out there that are better for 
first-time astronomers to start with 








Stargazin g 
kat worth 
over £500! 


Get your hands on some tasty astronomy 
gear courtesy of Optical Hardware 





ee (101 BY 
Lander _.. 
T830-tripod 

_ £59.99 
Compatible 

4 with telescopes, 

| cameras and * Ps 
binoculars - 
including the 

»  Olivon QB. 
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\ “—>—— &  Olivon 
| | QB 10x50 
® py a tey@ll elas 
\. : ' £84.99 
a All-round night-sky 


binoculars that are 


© Visionary Mira | perfect for daytime 
Ceti 1400/150 Pee 
£299.99 __ Ostara seven- 
Nees _” Ostara cleaning kit — piece filter kit 
reflecting telescope £10.99 | . £59.99 
outfit that includes Brushes, cloths, tissues, ™ 7 A filter set for 
everything you buds and cleaning fluid: —_— enhanced viewing 
need to start this kit has got your lens compatible with the 
scanning the sky. cleaning needs covered. Mira Ceti telescope. 


More details on all these items are available on www.opticalhardware.co.uk 


| bn Go online and complete our readers’ survey at: 
emma) 8) (@ ><) 9) (=) 6m e en E LAY =), “ 
“’ Just fill in our easy space survey and you could win the , 
"yt ©  COMmplete stargazing set you see here! 
‘sail aie Es a Oe = eee Ae de eke elit 
eee ner 





® Eyepieces 
The LCM 76 offers } 
high and low | 
magnification in the 
form of 26mm and 

9mm lenses. 












© Viewing 
Magnification 
and diameter are 
balanced for a 
satisfying entry- 























level telescop —_F 

experience. 
Simple to set 
Mount © up and a solid 


The computerised 
Altazimuth mount 
allows you to star- 
hop with ease. 


base for your 
telescope. 


Celestron 
LCM 76 


Cost: £300/$465 

From: uk.hama.com 

Type: Reflector 

Aperture: 76mm 

Focal Length: 700mm 
Magnification: 180x 

Calling this telescope ‘cheap’, in this 
case, is relative. The LCM 76 is at the 
low-end of Celestron's catalogue but 
that’s no reason to pass it over for 

a More expensive model, if you're 
looking to tighten the purse strings 
in the hunt for a quality entry-level 
telescope. Despite the price it comes 
with everything you need and more: 
a 25mm and 9mm eyepiece for a 
range of magnification, tripod, red- 
dot viewfinder and a computerised 
Altazimuth mount programmed with 
over 4,000 celestial objects. 


med 
objects, 

e short: 
yn aclea 
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| Telescope advice 


Telescope 
advice 


This budget scope has 
everything a beginner needs to 
kick-start a stargazing hobby 


The red-dot finder should make zero- 
ing in on the right spot easier, even on 
the highest magnification 












Setting it up is a breeze for those 
with some experience but even 
complete novices will find the 
Celestron LCM 76 comes together 
easily using its illustrated setup guide. 
Manual viewing using alternate 
eyepieces allowed us to view Tycho, 
the Moon's most prominent crater, in 
fantastic detail on low-magnification 
as well as the diffuse nebula 
around Orion's belt. With the high- 
magnification eyepiece we were easily 
able to pick out Saturn and its rings in 
its recent period of high visibility, as 
well as view Andromeda in satisfying 
detail. Turning the SkyAlign computer 
on, which tracks objects and can 
star-hop the telescope from one point 
of interest to the next at the press 
of a button, does take some of the 
skill out of astronomy. But it’s also a 
great option to ease a beginner into 
a fantastic hobby, especially if you're 
struggling with star charts. @ 
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Astronomy 
kit reviews 


Must-have products for budding and 
experienced astronomers alike 
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NRCP Ie) 
ee ait 
Peete 
Cost: £28/$29.95 
From: www.365astronomy.com 
For the more experienced astronomer 
is this guide to the night skies, a 
detailed sky atlas featuring 2,700 
celestial objects. This isn't a simple star 
chart, it’s a tour of the star clusters, 
nebulas and galaxies that you can 
view with a good telescope on a clear 
night. In alphabetical order, it lists the 
name, magnitude, chart number and 
other esoteric-looking co-ordinates 
for each of these deep-sky objects, 
followed by a short description to help 
you recognise what youTe looking 
at. The SkyAtlas 2000.0 Companion 
2nd Edition is intended to be used 
alongside the SkyAtlas 2000.00, 
but can easily be used by a more 
experienced astronomer as a solo 
compendium of the cosmos. @ 
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Ostara Astro 

Skywatcher 26mm 
Cost: £94.99/$145 
From: www.opticalhardware.co.uk 
Many telescopes, especially stargazing 
beginner sets, include a couple of 
eyepieces as standard to get you 
started. But if you want to up your 
astronomy game, you might want to 
think about upgrading to a decent 
26mm eyepiece. Optical Hardware's 
Ostara Astro has a two-inch fitting and 
a 26mm focal length, with an apparent 
field of view of 70 degrees. It's not 
the most powerful eyepiece you can 
get for this money but then, power 
isn't necessarily what a journeyman 
astronomer would look for. The Ostara 
Astro Skywatcher provides a decent 
image and field of view with sufficient 
SAVom Koll ere Hamel SLA aCe mente a (ara 
astronomy, this kind of comfort is 
pretty much as important as any 
other factor. @ 


Celestron SkyMaster 

DX 8x56 
Cost: £200/$210 
From: uk.hama.com 
Binoculars aren't vital to an amateur 
stargazer's kit bag, but they're 
extremely useful for scanning the 
night sky. This model from Celestron 
is a great one to get star-spotting 
with, too: protected against drops 
by its rubber armour, the SkyMaster 
DX 8x56 is equipped with BAK-4 
prisms, the top-end of binocular 
light transmission that yields a much 
clearer and sharper image than lower 
quality prisms. It has a moderately 
powerful magnification factor of 
8x but crucially, the lens diameter 
is wide: 56mm, for a broad field of 
view that’s important for picking out 
celestial objects. They're an extremely 
Satisfying viewing experience and 
double-up for use in more terrestrial 
daytime pursuits, too. @ 





Sata ela tag 


Ps Cee Aa 
Cost: £184/$284 


From: www.365astronomy.com 

If you haven't got the space or aren't 
comfortable with setting up a full- 
blown telescope and mount, then a 
good mini-telescope might be the 
solution. The Sky-Watcher Heritage-90 
Virtuoso probably isn't quite as magic 
as its name suggests, but it certainly 
packs a lot of telescope into its 

small frame. The 90mm Maksutov 
Cassegrain telescope is somewhere 
between a good pair of binoculars 
and a full-size scope in terms of its 
performance. It's quite capable of 
observing stars and planets but isn't 
so powerful that you can't use it for 
daytime viewing, too. Its coolest 
feature is its Freedom-Find technology, 
which allows it to be adjusted along 
either axis without losing alignment 
and position information. @ 
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Planet Earth Education 


- One of the UK’s most popular 
and longest standing providers 
of astronomy distance learning 
- courses. Choose from five 
_ separate astronomy courses, 
_ suitable for complete beginner 
-} right through to first-year 
wy university standard, including 
GCSE Astronomy. A certificate is 
issued for each completed course. 
_ You will find a complete syllabus 
for each of the courses available, 
along with other details about 
each course, and the necessary 
enrolment information on our 
website. There is a ‘Student 
Feedback’ link where you can 
view some of the unsolicited 
comments we have received from 
past students. We pride ourselves on being accessible and flexible and 
offer very attractively priced services, of the highest standards, and we 
work hard to provide you with what you want. Of paramount importance 
to us is the one-to-one contact students have with their tutor, who is easily 
accessible even outside of office hours. Planet Earth Education’s popularity 
has been growing over many years with various home educators who have 
used our courses in the education of their own children, many obtaining 
the GCSE Astronomy qualification, a recognised science qualification. 


@ 0161 653 9092 
www. planeteartheducation.co.uk 
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Considering a career in Spacecraft Design or want to 
become a Rocket Scientist? 


Our new MSc in Space Systems Engineering will provide 
you with a solid grounding for your dream career. 


Learn about all aspects of space missions, including rockets, 
spacecraft and the ground segment and understand the 
spacecraft design process, and much more on this exciting course! 


www.southampton.ac.uk/engineering/mscspacesystems 
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The father of modern astronomy 
provided the basis for our 
understanding of the Solar System 


Italian astronomer, mathematician and 
physicist Galileo Galilei was born on 15 
February 1564 in Pisa, Italy. He is often 
referred to as the father of modern 
observational astronomy, due to his 
pioneering telescopic work. Vilified 

for supporting heliocentrism, he is 
ultimately one of the most important 
figures in the history of astronomy. 

Galileo was encouraged by his 
father, a musician and wool trader, to 
study medicine. Eventually, despite 
flirtations with becoming a monk (to 
which his father objected), he enrolled 
at the University of Pisa at the age of 
17 to take medicine. 

While a student, however, Galileo's 
interest was piqued by physics. He 
observed the swinging of a chandelier 
and noticed that each swing took 
the same amount of time, no matter 
the distance. Galileo became the 
first person to realise this law of the 
pendulum, and he began to devote 
more time to mathematics. 

He left university without a 
degree after becoming disinterested 
with medicine, and started tutoring 
students in mathematics to make 
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money. He eventually ended up back 
at the University of Pisa as a teacher 
rather than a student. 

At this time, Aristotle's assertion 
that heavier objects fell faster than 
lighter objects was being challenged. 
Legend has it that Galileo climbed 
to the top of the Tower of Pisa and 
dropped various balls of differing 
weight, showing that they all landed at 
the same time, and therefore proving 
Aristotle's theory wrong. Famously, 
during the Apollo 15 mission in 1971, 
astronaut David Scott recreated the 
experiment on the lunar surface by 
dropping a hammer and feather and 
showing they fell at the same rate in 
the absence of air. 

Following a string of inventions, 
including a compass and thermometer, 
Galileo became interested in a device 
that could make distant objects look 
much closer after hearing of it during 
a holiday to Venice in 1609. Galileo 
frantically went about designing his 
own such device, which we now 
know as the telescope, and eventually 
presented it to the Senate in Venice. 
His first major discovery with his 
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Jupiter's four largest satellites are known 
as the Galilean moons 


telescope was that the Moon was 

a heavily cratered and rough body 
rather than the smooth spheroid it 
had been thought to be before. In 1610, 
he built a more powerful telescope 
and discovered three of Jupiter's 
four largest moons, which are now 
known as the Galilean moons in his 
honour. With his telescope Galileo 
also discovered the rings of Saturn, 
sunspots and the rotation of Venus. 

The discovery of the Galilean 
moons was the most revolutionary, 
though, namely because it meant 
that there were objects in the sky 
not moving around the Earth, but 
rather around other objects. Galileo's 
discovery added considerable weight 
to the Copernican idea that the Sun, 
rather than the Earth, was at the 
centre of the Solar System. 

Galileo's assertions were denounced 
by the Church, and he was tried for 
heresy. Initially found innocent, he 
was ultimately found guilty after 
further provocations and sentenced 
to house arrest at the age of 68 when 
he was old and sick. He eventually 
passed away on 8 January 1642, but 
his legacy continues to live on to this 
day. As a testament to his work the 
spacecraft that NASA sent to Jupiter 
in 1989, which revealed much of what 
we know of the Jovian system to date, 
Was named in his honour. @ 
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Discover the Neuroscience 


of Everyday Life 


All of your thoughts, perceptions, moods, passions, and dreams 
are the work of your brain and your nervous system. And thanks 
to the exciting new field of neuroscience, we can, with remarkable 
detail, explain how neurons, synapses, neurotransmitters, and 
other biological processes produce all the experiences of your 


daily life. 


Open your eyes to how neuroscience explains such phenomena 
as making decisions, learning skills, falling in love, forgetting 
names, and more with The Neuroscience of Everyday Life. 
Covering a remarkable range of subjects in 36 lectures, acclaimed 
neuroscientist and Professor Sam Wang of Princeton University 
brings you up to date on the latest discoveries in the field and 
sheds light on the science behind love, humour, memory, 
consciousness, sleep, free will, and more. His course is your 
chance to delve inside an intriguing scientific discipline whose 
subject is the most important subject of all: you. 


Offer expires 29/07/13 
0800 298 9796 
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LECTURE TITLES 

What Is Neuroscience? 

How Do Neuroscientists Study the Brain? 
Evolution, Energetics, and the 10% Myth 
Neurons and Synapses 

Neurotransmitters and Drugs 

Juicing the Brain 

Coming to Your Senses 

Perception and Your Brain's Little Lies 
Pain—All in Your Head? 

10. Decisions—Your Brain's Secret Ballot 

11. Reward, Adaptation, and Addiction 

12. The Many Forms of Memory 

13. Quirks of Memory 

14. Learning, Studying, and Sleep 

15. Willpower and Mental Work 

16. Work, Play, and Stress 

17. Biological Timekeepers and Jet Lag 

18. The Hidden Talents of Infants 

19. The Mozart Myth and Active Learning 

20. Childhood and Adolescence 

21. Handedness—Sports, Speech, and Presidents 
22. Reaching the Top of the Mountain—Ageing 
23. “Brain Exercise” and Real Exercise 

24. Animal and Human Personality 

25. Intelligence, Genes, and Environment 

26. The Weather in Your Brain—Emotions 

27. Fear, Loathing, and Anger 

28. From Weather to Climate—Mood 

29. The Social Brain, Empathy, and Autism 

30. Mars and Venus—Men’'s and Women’s Brains 
31. Sex, Love, and Bonds for Life 

32. Math and Other Evolutionary Curiosities 

33. Consciousness and Free Will 

34. Near-Death and Other Extreme Experiences 
35. Spirituality and Religion 

36. Happiness and Other Research Opportunities 
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The Neuroscience of Everyday Life 
Course no. 1540 | 36 lectures (30 minutes/lecture) 


SAVE £45 


DVD £79:99 


+£2.99 Postage and Packing 
Priority Code: 83111 


Designed to meet the demand for lifelong learning, 
The Great Courses is a highly popular series of 
audio and video lectures led by top professors 

and experts. Each of our more than 400 courses 
is an intellectually engaging experience that will 
change how you think about the world. Since 
1990, over 10 million courses have been sold. 


The Great Courses®, Unit A, Sovereign Business Park, 
Brenda Road, Hartlepool, TS25 INN. Terms and conditions 
apply. See www.thegreatcourses.co.uk for details. 
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r YOu re OOKINg Tor a dual-purpose Telescope appropriate for 
both terrestrial and celestial viewing, then the AstroMaster Senes is for you 
Each AstroMaster model is capable of giving correct views of land and sky. 


The AstroMaster Seres produce bright, clear images of the moon and planets 

Even the moons of Jupiter and the rings of Saturn can be easily seen with 

avery one of these fine instruments. For views of the brighter deep sr 

objects like galaxies and nebulae, we recommend the larger aperture and igh 
gathering ability of the Newtonian reflectors. 


aes 


\ 
* For details of your nearest stockist please call Hama (UK) Ltd on 0845 230 4262 
View the full range at www.hama.co.uk/products/celestron 


